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We describe a protocol for cross-platform verification of quantum simulators and quantum com-
puters. We show how to measure directly the overlap Tr [ρ1ρ2] and the purities Tr
[
ρ21,2
]
, and thus
a (mixed-state) fidelity, of two quantum states ρ1 and ρ2 prepared in separate experimental plat-
forms. We require only local measurements in randomized product bases, which are communicated
classically. As a proof-of-principle, we present the measurement of experiment-theory fidelities for
entangled 10-qubit quantum states in a trapped ion quantum simulator.
There is an ongoing effort to build intermediate scale
quantum devices involving several tens of qubits [1]. En-
gineering and physical realization of quantum computers
and quantum simulators are pursued with different phys-
ical platforms ranging from atomic and photonic to solid
state systems. Recently, verification procedures, such as
randomized and cyclic benchmarking [2–6], and direct fi-
delity estimation [7–9] have been developed, which allow
one to compare an implemented, noisy quantum process
(or state) with a known, theoretical target. A key chal-
lenge is the direct comparison of a priori unknown quan-
tum states generated on two devices at different locations
and times by running a specific quantum computation or
quantum simulation, i.e. the cross-platform verification
of these experimental quantum devices by means of a
fidelity measurement. This will become particularly rele-
vant when we approach regimes where eventually a direct
comparison with classical simulations becomes computa-
tionally hard.
Our aim is the development of protocols for cross-
platform verification by measuring the overlap of quan-
tum states produced with two different experimental set-
ups, potentially realized on very different physical plat-
forms, without any prior assumptions on the quantum
states themselves. For two pure quantum states, the rel-
evant fidelity is defined as the overlap Fpure(|ψ1〉 , |ψ2〉) =
| 〈ψ1|ψ2〉 |2, where |ψ1〉 and |ψ2〉 denote the quantum
states in Hilbert space H on device 1 and 2, respectively.
For mixed states we consider the fidelity [10]
Fmax(ρ1, ρ2) = Tr [ρ1ρ2]
max{Tr [ρ21] ,Tr [ρ22]}
, (1)
which measures the overlap between density matrices ρ1
and ρ2, respectively, normalized by the purities of these
quantum states. Here ρ1 (ρ2) can refer to the total sys-
tem, or a subsystem of device 1 (2). Fmax fulfills the ax-
ioms for mixed state fidelities imposed by Josza [11] and
can be used to define a proper metric [10]. We note that
the performance of quantum devices has been previously
compared by means of their classical outcome distribu-
tions [12, 13]. In contrast, we are interested here in the
direct measurement of the overlap of the quantum states.
The protocol discussed below infers the cross-platform
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<latexit sha1_ base64="/bF+ndrEvOjT095Oy8 HVjhDPT3A=">AAAB6HicbVDLTgJ BEOzFF+IL9ehlAjHxRHbRRI8kX jxCIo8ENmR26IWR2dnNzKwJEr7A iweN8eonefNvHGAPClbSSaWqO9 1dQSK4Nq777eQ2Nre2d/K7hb39g 8Oj4vFJS8epYthksYhVJ6AaBZf YNNwI7CQKaRQIbAfj27nffkSleS zvzSRBP6JDyUPOqLFS46lfLLsVd wGyTryMlCFDvV/86g1ilkYoDRN U667nJsafUmU4Ezgr9FKNCWVjOs SupZJGqP3p4tAZObfKgISxsiUN Wai/J6Y00noSBbYzomakV725+J/ XTU1440+5TFKDki0XhakgJibzr 8mAK2RGTCyhTHF7K2EjqigzNpuC DcFbfXmdtKoV77JSbVyVa6Usjj ycQQkuwINrqMEd1KEJDBCe4RXen AfnxXl3PpatOSebOYU/cD5/AOD vjOI=</latexit>
Platform 1
<latexit sha1_ base64="o38vrssS/rBXvvZQJe OmGOJdCOI=">AAAB8XicbVA9SwN BEJ3zM8avqKXNkiBYhbtYaBmws YxgPjA5wt5mL1myu3fszgkh5F/Y WChi67+x89+4Sa7QxAcDj/dmmJ kXpVJY9P1vb2Nza3tnt7BX3D84P DounZy2bJIZxpsskYnpRNRyKTR vokDJO6nhVEWSt6Px7dxvP3FjRa IfcJLyUNGhFrFgFJ302JAU48QoE vRLFb/qL0DWSZCTCuRo9EtfvUH CMsU1Mkmt7QZ+iuGUGhRM8lmxl1 meUjamQ951VFPFbThdXDwjF04Z ELfZlUayUH9PTKmydqIi16kojuy qNxf/87oZxjfhVOg0Q67ZclGcS YIJmb9PBsJwhnLiCGVGuFsJG1FD GbqQii6EYPXlddKqVYOrau2+Vq mX8zgKcA5luIQArqEOd9CAJjDQ8 Ayv8OZZ78V79z6WrRtePnMGf+B 9/gD0/pBW</latexit>
Platform 2
<latexit sha1_base64="VyuZA 09HJg5ATIiKY9mQyRMLB1c=">AAAB8XicbVBNS8NAEJ34WetX1aOX pUXwVJJ40GPBi8cK9gPbUDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x2 +agrQ8GHu/NMDMvTKUw6Lrfzsbm1vbObmmvvH9weHRcOTltmyTTjL dYIhPdDanhUijeQoGSd1PNaRxK3gknt3O/88S1EYl6wGnKg5iOlIg Eo2ilx6akGCU6Jv6gUnPr7gJknXgFqUGB5qDy1R8mLIu5QiapMT3P TTHIqUbBJJ+V+5nhKWUTOuI9SxWNuQnyxcUzcmGVIbGbbSkkC/X3R E5jY6ZxaDtjimOz6s3F/7xehtFNkAuVZsgVWy6KMkkwIfP3yVBozl BOLaFMC3srYWOqKUMbUtmG4K2+vE7aft27qvv3fq1RLeIowTlU4RI8 uIYG3EETWsBAwTO8wptjnBfn3flYtm44xcwZ/IHz+QP2gpBX</lat exit>
· · ·<latexit sha1_ base64="OC+83U7eo20EXXDknX XjPbkOCF4=">AAACAXicbVDLSgN BEJz1GeMr6tHLYBA8hd0o6DHgx WME84BkCbOznWTM7Owy0yuEJSd/ wKv+gTfx6pf4A36Hk2QPJrGgoa jqprsrSKQw6Lrfztr6xubWdmGnu Lu3f3BYOjpumjjVHBo8lrFuB8y AFAoaKFBCO9HAokBCKxjdTv3WE2 gjYvWA4wT8iA2U6AvO0ErNLg9jN L1S2a24M9BV4uWkTHLUe6Wfbhj zNAKFXDJjOp6boJ8xjYJLmBS7qY GE8REbQMdSxSIwfja7dkLPrRLS fqxtKaQz9e9ExiJjxlFgOyOGQ7P sTcX/vE6K/Rs/EypJERSfL+qnk mJMp6/TUGjgKMeWMK6FvZXyIdOM ow1oYUug2QhwUrTBeMsxrJJmte JdVqr3V+Wam0dUIKfkjFwQj1yTG rkjddIgnDySF/JK3pxn5935cD7 nrWtOPnNCFuB8/QLpgJeJ</late xit> · · ·<latexit sha1_base64="OC+83 U7eo20EXXDknXXjPbkOCF4=">AAACAXicbVDLSgNBEJz1GeMr6tHL YBA8hd0o6DHgxWME84BkCbOznWTM7Owy0yuEJSd/wKv+gTfx6pf4A 36Hk2QPJrGgoajqprsrSKQw6Lrfztr6xubWdmGnuLu3f3BYOjpumj jVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdTv3WE2gjYvWA4wT8iA2 U6AvO0ErNLg9jNL1S2a24M9BV4uWkTHLUe6WfbhjzNAKFXDJjOp6b oJ8xjYJLmBS7qYGE8REbQMdSxSIwfja7dkLPrRLSfqxtKaQz9e9Ex iJjxlFgOyOGQ7PsTcX/vE6K/Rs/EypJERSfL+qnkmJMp6/TUGjgKM eWMK6FvZXyIdOMow1oYUug2QhwUrTBeMsxrJJmteJdVqr3V+Wam0dU IKfkjFwQj1yTGrkjddIgnDySF/JK3pxn5935cD7nrWtOPnNCFuB8/ QLpgJeJ</latexit>
⇢1
<latexit sha1_bas e64="2NtqYDr0lh5StkeDvGiZzyddjLI=" >AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8h d0o6DHgxWME84BkCbOT2WTM7Mwy0yuEkH/ w4kERr/6PN//GSbIHTSxoKKq66e6KUiks +v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8Q bTUpt2RC2XQvEGCpS8nRpOk0jyVjS6nfmt J26s0OoBxykPEzpQIhaMopOaXTPUvaBXKv sVfw6ySoKclCFHvVf66vY1yxKukElqbSfw Uwwn1KBgkk+L3czylLIRHfCOo4om3IaT+ bVTcu6UPom1caWQzNXfExOaWDtOIteZUBz aZW8m/ud1MoxvwolQaYZcscWiOJMENZm9T vrCcIZy7AhlRrhbCRtSQxm6gIouhGD55VX SrFaCy0r1/qpc8/M4CnAKZ3ABAVxDDe6g Dg1g8AjP8ApvnvZevHfvY9G65uUzJ/AH3u cPQ16O3Q==</latexit>
⇢2
<latexit sha1_base64="KMYpADJWzUU rO8zzgu1mHKETAm0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84 BkCbOTTjJmdmaZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEsGN9f1vb219Y3N ru7BT3N3bPzgsHR03jUo1wwZTQul2RA0KLrFhuRXYTjTSOBLYisa3M7/1hNpwJR/s JMEwpkPJB5xR66RmV49Ur9orlf2KPwdZJUFOypCj3it9dfuKpTFKywQ1phP4iQ0z qi1nAqfFbmowoWxMh9hxVNIYTZjNr52Sc6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7 M3E/7xOagc3YcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1ARVdCMHyy6 ukWa0El5Xq/VW55udxFOAUzuACAriGGtxBHRrA4BGe4RXePOW9eO/ex6J1zctnTuA PvM8fROKO3g==</latexit>
···<latexit sha1_base64="OC+83U7eo20EXXDknXXjPbkOCF4=">AAACAXicbVDLSgNBEJz1GeMr6tHLYBA8hd0o6DHgxWME84BkCbOznWTM7Owy0yuEJSd/wKv+gTfx6pf4A36Hk2QPJrGgoajqprsrSKQw6Lrfztr6xubWdmGnuLu3f3BYOjpumjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdTv3WE2gjYvWA4wT8iA2U6AvO0ErNLg9jNL1S2a24M9BV4uWkTHLUe6WfbhjzNAKFXDJjOp6boJ8xjYJLmBS7qYGE8REbQMdSxSIwfja7dkLPrRLSfqxtKaQz9e9ExiJjxlFgOyOGQ7PsTcX/vE6K/Rs/EypJERSfL+qnkmJMp6/TUGjgKMeWMK6FvZXyIdOMow1oYUug2QhwUrTBeMsxrJJmteJdVqr3V+Wam0dUIKfkjFwQj1yTGrkjddIgnDySF/JK3pxn5935cD7nrWtOPnNCFuB8/QLpgJeJ</latexit>
U1
<latexit sha1_base64="It7qJMAI+rQD4Cy05t25ZmW/WJg=">AAAB6nicbV BNS8NAEJ3Ur1q/qh69LC2Cp5JUQY8FLx4rmrbQhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N24+Dtj4YeLw3w8y8MBVcG9f9dgobm1vbO8Xd0t7+weFR+fikpZNM MfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+SjmaQYxHQoecQZNVZ68Ptev1x1a+4cZJ14S1KFJZr98ldvkLAsRmmYoFp3PTc1QU6V4UzgtNTLNKaUjek Qu5ZKGqMO8vmpU3JulQGJEmVLGjJXf0/kNNZ6Eoe2M6ZmpFe9mfif181MdBPkXKaZQckWi6JMEJOQ2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgrb68Tlr1mndZq9 9fVRuVZRxFOIMKXIAH19CAO2iCDwyG8Ayv8OYI58V5dz4WrQVnOXMKf+B8/gDN/Y1h</latexit>
UN
<latexit sha1_base64="p39Q6UQDu5PDFN20AGYw7d6VsXM=">AAAB6nicbV BNS8NAEJ34WetX1aOXpUXwVJIq6LHgxZNUNG2hDWWz3bRLN5uwOxFK6U/w4kERr/4ib/4bt20O2vpg4PHeDDPzwlQKg6777aytb2xubRd2irt7+weHpaPjpkky zbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3cz81hPXRiTqEccpD2I6UCISjKKVHvzeXa9UcavuHGSVeDmpQI5Gr/TV7Scsi7lCJqkxHc9NMZhQjYJJPi12M8NTykZ 0wDuWKhpzE0zmp07JmVX6JEq0LYVkrv6emNDYmHEc2s6Y4tAsezPxP6+TYXQdTIRKM+SKLRZFmSSYkNnfpC80ZyjHllCmhb2VsCHVlKFNp2hD8JZfXiXNWtW7qN buLyv1ch5HAU6hDOfgwRXU4RYa4AODATzDK7w50nlx3p2PReuak8+cwB84nz/58Y1+</latexit>
{
<latexit sha1_base64="bmEd6YDzBSvnKCR31rmioo78Gi8=">AAAB6XicbV A9SwNBEJ2LXzF+RS1tFoNgIeEuKbQM2FhGMR+QHGFvs5cs2ds7dueEcOQf2FgoYus/svPfuEmu0MQHA4/3ZpiZFyRSGHTdb6ewsbm1vVPcLe3tHxwelY9P2iZO NeMtFstYdwNquBSKt1Cg5N1EcxoFkneCye3c7zxxbUSsHnGacD+iIyVCwSha6aGfDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqE j3rNU0YgbP1tcOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+dtkKDRnKKeWUKaFvZWwMdWUoQ2nZEPwVl9eJ+1a1atXa/ e1SuMqj6MIZ3AOl+DBNTTgDprQAgYhPMMrvDkT58V5dz6WrQUnnzmFP3A+fwCVlI1R</latexit>
{
<latexit sha1_base64="bmEd6YDzBSvnKCR31rmioo78Gi8=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgIeEuKbQM2FhGMR+QHGFvs5cs2ds7dueEcOQf2FgoYus/svPfuEmu0MQHA4/3ZpiZFyRSGHTdb6ewsbm1vVPcLe3tHxwelY9P2iZONeMtFstYdwNquBSKt1Cg5N1EcxoFkneCye3c7zxxbUSsHnGacD+iIyVCwSha6aGfDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1tcOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+dtkKDRnKKeWUKaFvZWwMdWUoQ2nZEPwVl9eJ+1a1atXa/e1SuMqj6MIZ3AOl+DBNTTgDprQAgYhPMMrvDkT58V5dz6WrQUnnzmFP3A+fwCVlI1R</latexit>
· · ·<latexit sha1_ base64="OC+83U7eo20EXXDknX XjPbkOCF4=">AAACAXicbVDLSgN BEJz1GeMr6tHLYBA8hd0o6DHgx WME84BkCbOznWTM7Owy0yuEJSd/ wKv+gTfx6pf4A36Hk2QPJrGgoa jqprsrSKQw6Lrfztr6xubWdmGnu Lu3f3BYOjpumjjVHBo8lrFuB8y AFAoaKFBCO9HAokBCKxjdTv3WE2 gjYvWA4wT8iA2U6AvO0ErNLg9jN L1S2a24M9BV4uWkTHLUe6Wfbhj zNAKFXDJjOp6boJ8xjYJLmBS7qY GE8REbQMdSxSIwfja7dkLPrRLS fqxtKaQz9e9ExiJjxlFgOyOGQ7P sTcX/vE6K/Rs/EypJERSfL+qnk mJMp6/TUGjgKMeWMK6FvZXyIdOM ow1oYUug2QhwUrTBeMsxrJJmte JdVqr3V+Wam0dUIKfkjFwQj1yTG rkjddIgnDySF/JK3pxn5935cD7 nrWtOPnNCFuB8/QLpgJeJ</late xit>s1<latexit sha1_ base64="IjayrAvC7t2n5NUpsN EGjYiaoaw=">AAAB6nicbVBNS8N AEJ3Ur1q/qh69LC2Cp5JUQY8FL x4r2g9oQ9lsJ+3SzSbsboQS+hO8 eFDEq7/Im//GbZuDtj4YeLw3w8 y8IBFcG9f9dgobm1vbO8Xd0t7+w eFR+fikreNUMWyxWMSqG1CNgkt sGW4EdhOFNAoEdoLJ7dzvPKHSPJ aPZpqgH9GR5CFn1FjpQQ+8Qbnq1 twFyDrxclKFHM1B+as/jFkaoTR MUK17npsYP6PKcCZwVuqnGhPKJn SEPUsljVD72eLUGTm3ypCEsbIl DVmovycyGmk9jQLbGVEz1qveXPz P66UmvPEzLpPUoGTLRWEqiInJ/ G8y5AqZEVNLKFPc3krYmCrKjE2n ZEPwVl9eJ+16zbus1e+vqo1KHk cRzqACF+DBNTTgDprQAgYjeIZXe HOE8+K8Ox/L1oKTz5zCHzifP/u xjX8=</latexit> sN<latexit sha1_ base64="UzRiDN1XijhymdRezm XFTlZ8z8M=">AAAB6nicbVBNS8N AEJ34WetX1aOXpUXwVJIq6LHgx ZNUtB/QhrLZbtqlm03YnQgl9Cd4 8aCIV3+RN/+N2zYHbX0w8Hhvhp l5QSKFQdf9dtbWNza3tgs7xd29/ YPD0tFxy8SpZrzJYhnrTkANl0L xJgqUvJNoTqNA8nYwvpn57SeujY jVI04S7kd0qEQoGEUrPZj+Xb9Uc avuHGSVeDmpQI5Gv/TVG8Qsjbh CJqkxXc9N0M+oRsEknxZ7qeEJZW M65F1LFY248bP5qVNyZpUBCWNt SyGZq78nMhoZM4kC2xlRHJllbyb +53VTDK/9TKgkRa7YYlGYSoIxm f1NBkJzhnJiCWVa2FsJG1FNGdp0 ijYEb/nlVdKqVb2Lau3+slIv53 EU4BTKcA4eXEEdbqEBTWAwhGd4h TdHOi/Ou/OxaF1z8pkT+APn8wc ntI2c</latexit>| {z }
<latexit sha1_ base64="DeBJNoG1EyxlGB5Tm5 JlbzZ9uJk=">AAACKXiclVDLSsN AFJ34rPUVdelmsAiuSlIFXRbcu KxgH9CEMpnctEMnkzAzEUro77jx V9woKOrWH3HSZqGtG88wl8M59z JzT5ByprTjfFgrq2vrG5uVrer2z u7evn1w2FFJJim0acIT2QuIAs4 EtDXTHHqpBBIHHLrB+Lrwu/cgFU vEnZ6k4MdkKFjEKNFGGthNLxMhy EASCrmH/3Omg7wods2pOzPgZeK WpIZKtAb2ixcmNItBaMqJUn3XSb WfE6kZ5TCtepmClNAxGULfUEFi UH4+23SKT40S4iiR5gqNZ+rPiZz ESk3iwHTGRI/UoleIf3n9TEdXf s5EmmkQdP5QlHGsE1zEhkMmgWo+ MYRQycxfMR0Rk5o24VZNCO7iys uk06i75/XG7UWtics4KugYnaAz5 KJL1EQ3qIXaiKIH9IRe0Zv1aD1 b79bnvHXFKmeO0C9YX98P5KFz</ latexit>
· · ·<latexit sha1_base64="OC+83 U7eo20EXXDknXXjPbkOCF4=">AAACAXicbVDLSgNBEJz1GeMr6tHL YBA8hd0o6DHgxWME84BkCbOznWTM7Owy0yuEJSd/wKv+gTfx6pf4A 36Hk2QPJrGgoajqprsrSKQw6Lrfztr6xubWdmGnuLu3f3BYOjpumj jVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdTv3WE2gjYvWA4wT8iA2 U6AvO0ErNLg9jNL1S2a24M9BV4uWkTHLUe6WfbhjzNAKFXDJjOp6b oJ8xjYJLmBS7qYGE8REbQMdSxSIwfja7dkLPrRLSfqxtKaQz9e9Ex iJjxlFgOyOGQ7PsTcX/vE6K/Rs/EypJERSfL+qnkmJMp6/TUGjgKM eWMK6FvZXyIdOMow1oYUug2QhwUrTBeMsxrJJmteJdVqr3V+Wam0dU IKfkjFwQj1yTGrkjddIgnDySF/JK3pxn5935cD7nrWtOPnNCFuB8/ QLpgJeJ</latexit>s01
<latexit sha1_ base64="WEshwTXe2PXIMLu8Mk IlXaTm0lU=">AAAB83icbVBNSwM xEJ2tX7V+VT16CS2Cp7JbBT0Wv HisYD+gXUs2zbahSTYkWaEs/Rte PCji1T/jzX9j2u5BWx8MPN6bYW ZepDgz1ve/vcLG5tb2TnG3tLd/c HhUPj5pmyTVhLZIwhPdjbChnEn assxy2lWaYhFx2okmt3O/80S1YY l8sFNFQ4FHksWMYOukvhkEj1lfa SbobFCu+jV/AbROgpxUIUdzUP7 qDxOSCiot4diYXuArG2ZYW0Y4nZ X6qaEKkwke0Z6jEgtqwmxx8wyd O2WI4kS7khYt1N8TGRbGTEXkOgW 2Y7PqzcX/vF5q45swY1KllkqyX BSnHNkEzQNAQ6YpsXzqCCaauVsR GWONiXUxlVwIwerL66RdrwWXtf r9VbVRyeMowhlU4AICuIYG3EETW kBAwTO8wpuXei/eu/exbC14+cw p/IH3+QMmV5Go</latexit>
s0N
<latexit sha1_base64="UkcKz jAFDrV2RJXgxibv8/JJTck=">AAAB83icbVBNSwMxEJ31s9avqkcv oUXwVHaroMeCF09SwX5Ady3ZNG1Dk2xIskJZ+je8eFDEq3/Gm//Gt N2Dtj4YeLw3w8y8WHFmrO9/e2vrG5tb24Wd4u7e/sFh6ei4ZZJUE9 okCU90J8aGciZp0zLLaUdpikXMaTse38z89hPVhiXywU4UjQQeSjZ gBFsnhaZ395iFSjNBp71Sxa/6c6BVEuSkAjkavdJX2E9IKqi0hGNj uoGvbJRhbRnhdFoMU0MVJmM8pF1HJRbURNn85ik6c0ofDRLtSlo0V 39PZFgYMxGx6xTYjsyyNxP/87qpHVxHGZMqtVSSxaJBypFN0CwA1G eaEssnjmCimbsVkRHWmFgXU9GFECy/vEpatWpwUa3dX1bq5TyOApxC Gc4hgCuowy00oAkEFDzDK7x5qffivXsfi9Y1L585gT/wPn8AU1CRx Q==</latexit>| {z }
<latexit sha1_ base64="DeBJNoG1EyxlGB5Tm5 JlbzZ9uJk=">AAACKXiclVDLSsN AFJ34rPUVdelmsAiuSlIFXRbcu KxgH9CEMpnctEMnkzAzEUro77jx V9woKOrWH3HSZqGtG88wl8M59z JzT5ByprTjfFgrq2vrG5uVrer2z u7evn1w2FFJJim0acIT2QuIAs4 EtDXTHHqpBBIHHLrB+Lrwu/cgFU vEnZ6k4MdkKFjEKNFGGthNLxMhy EASCrmH/3Omg7wods2pOzPgZeK WpIZKtAb2ixcmNItBaMqJUn3XSb WfE6kZ5TCtepmClNAxGULfUEFi UH4+23SKT40S4iiR5gqNZ+rPiZz ESk3iwHTGRI/UoleIf3n9TEdXf s5EmmkQdP5QlHGsE1zEhkMmgWo+ MYRQycxfMR0Rk5o24VZNCO7iys uk06i75/XG7UWtics4KugYnaAz5 KJL1EQ3qIXaiKIH9IRe0Zv1aD1 b79bnvHXFKmeO0C9YX98P5KFz</ latexit>
P
(2)
U (s
0
A)
<latexit sha1_base64="YV/fj AvnXQ0RyshYN9/En+iCEN4=">AAACCXicbVDJSgNBEO1xjXGLevTS JAjxEmaioMeIF48RzAJJHHo6NUljz0J3jRiGuXrxV7x4UMSrf+DNv 7GzHDTxQcHjvSqq6nmxFBpt+9taWl5ZXVvPbeQ3t7Z3dgt7+00dJY pDg0cyUm2PaZAihAYKlNCOFbDAk9Dy7i7HfuselBZReIOjGHoBG4T CF5yhkdwCrbuN27RcPc7KXYQH9PxUZ+7FbdqNlQggO3YLJbtiT0AX iTMjJTJD3S18dfsRTwIIkUumdcexY+ylTKHgErJ8N9EQM37HBtAxN GQB6F46+SSjR0bpUz9SpkKkE/X3RMoCrUeBZzoDhkM9743F/7xOgv 55LxVhnCCEfLrITyTFiI5joX2hgKMcGcK4EuZWyodMMY4mvLwJwZl/ eZE0qxXnpFK9Pi3VirM4cuSQFEmZOOSM1MgVqZMG4eSRPJNX8mY9W S/Wu/UxbV2yZjMH5A+szx/o6pnA</latexit>
P
(1)
U (sA)
<latexit sha1_ base64="9bKDBJ2lgVM3Xwwc1h UwDap4WJQ=">AAACAHicbVDLSsN AFJ34rPUVdeHCzdAitJuSVEGXF TcuK9gHtDFMppN26OTBzI1YQjb+ ihsXirj1M9z5N07bLLT1wIXDOf dy7z1eLLgCy/o2VlbX1jc2C1vF7 Z3dvX3z4LCtokRS1qKRiGTXI4o JHrIWcBCsG0tGAk+wjje+nvqdBy YVj8I7mMTMCcgw5D6nBLTkmsdNt 3WfVuxqVukDewTPT1XmXlVds2z VrBnwMrFzUkY5mq751R9ENAlYCF QQpXq2FYOTEgmcCpYV+4liMaFj MmQ9TUMSMOWkswcyfKqVAfYjqSs EPFN/T6QkUGoSeLozIDBSi95U/ M/rJeBfOikP4wRYSOeL/ERgiPA0 DTzgklEQE00IlVzfiumISEJBZ1 bUIdiLLy+Tdr1mn9Xqt+flRimPo 4BOUAlVkI0uUAPdoCZqIYoy9Ix e0ZvxZLwY78bHvHXFyGeO0B8Ynz 93y5WW</latexit>
Tr[⇢22,A]
<latexit sha1_base64="6damN gmEL/YG5XAElXB/oVunBjo=">AAACAHicbVDLSsNAFJ3UV62vqAsX bkKL4EJKEgVdVty4rNAXNDFMppN26OTBzI1YQjb+ihsXirj1M9z5N 07bLLT1wIXDOfdy7z1+wpkE0/zWSiura+sb5c3K1vbO7p6+f9CRcS oIbZOYx6LnY0k5i2gbGHDaSwTFoc9p1x/fTP3uAxWSxVELJgl1Qzy MWMAIBiV5+pED9BGylsj7jhjFXmafXef3tuvpNbNuzmAsE6sgNVSg 6elfziAmaUgjIBxL2bfMBNwMC2CE07zipJImmIzxkPYVjXBIpZvNH siNE6UMjCAWqiIwZurviQyHUk5CX3WGGEZy0ZuK/3n9FIIrN2NRkg KNyHxRkHIDYmOahjFgghLgE0UwEUzdapARFpiAyqyiQrAWX14mHbtu ndftu4tao1rEUUbHqIpOkYUuUQPdoiZqI4Jy9Ixe0Zv2pL1o79rHv LWkFTOH6A+0zx98ApY3</latexit>
Tr[⇢21,A]
<latexit sha1_ base64="vVwzPRy4BtE2dfEyq1 RAQFrzpBw=">AAACAHicbVDLSsN AFJ3UV62vqAsXbkKL4EJKUgVdV ty4rNAXJDFMppN26OTBzI1YQjb+ ihsXirj1M9z5N07bLLT1wIXDOf dy7z1+wpkE0/zWSiura+sb5c3K1 vbO7p6+f9CVcSoI7ZCYx6LvY0k 5i2gHGHDaTwTFoc9pzx/fTP3eAx WSxVEbJgl1QzyMWMAIBiV5+pED9 BGytshtR4xiL7POrvP7huvpNbN uzmAsE6sgNVSg5elfziAmaUgjIB xLaVtmAm6GBTDCaV5xUkkTTMZ4 SG1FIxxS6WazB3LjRCkDI4iFqgi Mmfp7IsOhlJPQV50hhpFc9Kbif 56dQnDlZixKUqARmS8KUm5AbEzT MAZMUAJ8oggmgqlbDTLCAhNQmV VUCNbiy8uk26hb5/XG3UWtWS3iK KNjVEWnyEKXqIluUQt1EEE5eka v6E170l60d+1j3lrSiplD9Afa5w 96eJY2</latexit>
Tr[⇢1,A⇢2,A]
<latexit sha1_ base64="DK+drgMFcxZ3J2y9G9 KmWhpi5qs=">AAACCXicbZDLSsN AFIYn9VbrLerSzWARXEhJqqDLi huXFXqDJITJdNIOnVyYORFL6NaN r+LGhSJufQN3vo3TNgtt/WHg4z /ncOb8QSq4Asv6Nkorq2vrG+XNy tb2zu6euX/QUUkmKWvTRCSyFxD FBI9ZGzgI1kslI1EgWDcY3Uzr3X smFU/iFoxT5kVkEPOQUwLa8k3sA nuAvCUnjiuHiZ/bZ9cTPMe6Rs8 3q1bNmgkvg11AFRVq+uaX209oFr EYqCBKObaVgpcTCZwKNqm4mWIp oSMyYI7GmERMefnskgk+0U4fh4n ULwY8c39P5CRSahwFujMiMFSLt an5X83JILzych6nGbCYzheFmcCQ 4GksuM8loyDGGgiVXP8V0yGRhI IOr6JDsBdPXoZOvWaf1+p3F9XGc RFHGR2hY3SKbHSJGugWNVEbUfS IntErejOejBfj3fiYt5aMYuYQ/Z Hx+QPyopm7</latexit>
Random Unitaries
<latexit sha1_ base64="FBo1mo9gLb+LgKJmTB CecY+ZnRw=">AAAB+XicbVBNS8N AEN3Ur1q/oh69LC2Cp5LUgx4LX jxWMW2hDWWzmbRLdzdhd1Moof/E iwdFvPpPvPlv3H4ctPXBwOO9GW bmRRln2njet1Pa2t7Z3SvvVw4Oj 45P3NOztk5zRSGgKU9VNyIaOJM QGGY4dDMFREQcOtH4bu53JqA0S+ WTmWYQCjKULGGUGCsNXPeRyDgVO JDMEMVAD9yaV/cWwJvEX5EaWqE 1cL/6cUpzAdJQTrTu+V5mwoIowy iHWaWfa8gIHZMh9CyVRIAOi8Xl M3xplRgnqbIlDV6ovycKIrSeish 2CmJGet2bi/95vdwkt2HBZJYbk HS5KMk5Nimex4BjpoAaPrWEUMXs rZiOiCLU2LAqNgR//eVN0m7U/e t646FRa1ZXcZTRBaqiK+SjG9RE9 6iFAkTRBD2jV/TmFM6L8+58LFt LzmrmHP2B8/kDX2+TYg==</late xit>
· · ·<latexit sha1_ base64="OC+83U7eo20EXXDknX XjPbkOCF4=">AAACAXicbVDLSgN BEJz1GeMr6tHLYBA8hd0o6DHgx WME84BkCbOznWTM7Owy0yuEJSd/ wKv+gTfx6pf4A36Hk2QPJrGgoa jqprsrSKQw6Lrfztr6xubWdmGnu Lu3f3BYOjpumjjVHBo8lrFuB8y AFAoaKFBCO9HAokBCKxjdTv3WE2 gjYvWA4wT8iA2U6AvO0ErNLg9jN L1S2a24M9BV4uWkTHLUe6Wfbhj zNAKFXDJjOp6boJ8xjYJLmBS7qY GE8REbQMdSxSIwfja7dkLPrRLS fqxtKaQz9e9ExiJjxlFgOyOGQ7P sTcX/vE6K/Rs/EypJERSfL+qnk mJMp6/TUGjgKMeWMK6FvZXyIdOM ow1oYUug2QhwUrTBeMsxrJJmte JdVqr3V+Wam0dUIKfkjFwQj1yTG rkjddIgnDySF/JK3pxn5935cD7 nrWtOPnNCFuB8/QLpgJeJ</late xit>U1
<latexit sha1_ base64="It7qJMAI+rQD4Cy05t 25ZmW/WJg=">AAAB6nicbVBNS8N AEJ3Ur1q/qh69LC2Cp5JUQY8FL x4rmrbQhrLZTtqlm03Y3Qgl9Cd4 8aCIV3+RN/+N24+Dtj4YeLw3w8 y8MBVcG9f9dgobm1vbO8Xd0t7+w eFR+fikpZNMMfRZIhLVCalGwSX 6hhuBnVQhjUOB7XB8O/PbT6g0T+ SjmaQYxHQoecQZNVZ68Ptev1x1a +4cZJ14S1KFJZr98ldvkLAsRmm YoFp3PTc1QU6V4UzgtNTLNKaUje kQu5ZKGqMO8vmpU3JulQGJEmVL GjJXf0/kNNZ6Eoe2M6ZmpFe9mfi f181MdBPkXKaZQckWi6JMEJOQ2 d9kwBUyIyaWUKa4vZWwEVWUGZtO yYbgrb68Tlr1mndZq99fVRuVZR xFOIMKXIAH19CAO2iCDwyG8Ayv8 OYI58V5dz4WrQVnOXMKf+B8/gD N/Y1h</latexit>
UN
<latexit sha1_ base64="p39Q6UQDu5PDFN20AG Yw7d6VsXM=">AAAB6nicbVBNS8N AEJ34WetX1aOXpUXwVJIq6LHgx ZNUNG2hDWWz3bRLN5uwOxFK6U/w 4kERr/4ib/4bt20O2vpg4PHeDD PzwlQKg6777aytb2xubRd2irt7+ weHpaPjpkkyzbjPEpnodkgNl0J xHwVK3k41p3EoeSsc3cz81hPXRi TqEccpD2I6UCISjKKVHvzeXa9Uc avuHGSVeDmpQI5Gr/TV7Scsi7l CJqkxHc9NMZhQjYJJPi12M8NTyk Z0wDuWKhpzE0zmp07JmVX6JEq0 LYVkrv6emNDYmHEc2s6Y4tAsezP xP6+TYXQdTIRKM+SKLRZFmSSYk NnfpC80ZyjHllCmhb2VsCHVlKFN p2hD8JZfXiXNWtW7qNbuLyv1ch 5HAU6hDOfgwRXU4RYa4AODATzDK 7w50nlx3p2PReuak8+cwB84nz/ 58Y1+</latexit>
{
<latexit sha1_ base64="bmEd6YDzBSvnKCR31r mioo78Gi8=">AAAB6XicbVA9SwN BEJ2LXzF+RS1tFoNgIeEuKbQM2 FhGMR+QHGFvs5cs2ds7dueEcOQf 2FgoYus/svPfuEmu0MQHA4/3Zp iZFyRSGHTdb6ewsbm1vVPcLe3tH xwelY9P2iZONeMtFstYdwNquBS Kt1Cg5N1EcxoFkneCye3c7zxxbU SsHnGacD+iIyVCwSha6aGfDcoVt +ouQNaJl5MK5GgOyl/9YczSiCt kkhrT89wE/YxqFEzyWamfGp5QNq Ej3rNU0YgbP1tcOiMXVhmSMNa2 FJKF+nsio5Ex0yiwnRHFsVn15uJ /Xi/F8MbPhEpS5IotF4WpJBiT+ dtkKDRnKKeWUKaFvZWwMdWUoQ2n ZEPwVl9eJ+1a1atXa/e1SuMqj6 MIZ3AOl+DBNTTgDprQAgYhPMMrv DkT58V5dz6WrQUnnzmFP3A+fwC VlI1R</latexit>
{
<latexit sha1_base64="bmEd6YDzBSvnKCR31rmioo78Gi8=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgIeEuKbQM2FhGMR+QHGFvs5cs2ds7dueEcOQf2FgoYus/svPfuEmu0MQHA4/3ZpiZFyRSGHTdb6ewsbm1vVPcLe3tHxwelY9P2iZONeMtFstYdwNquBSKt1Cg5N1EcxoFkneCye3c7zxxbUSsHnGacD+iIyVCwSha6aGfDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1tcOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+dtkKDRnKKeWUKaFvZWwMdWUoQ2nZEPwVl9eJ+1a1atXa/e1SuMqj6MIZ3AOl+DBNTTgDprQAgYhPMMrvDkT58V5dz6WrQUnnzmFP3A+fwCVlI1R</latexit>
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(b)
<latexit sha1_ base64="dxcv4ypJ4rdKknxfYH hbAXD3GwU=">AAAB+XicbVDLSgM xFL1TX7W+Rl26CRalbspMFXRZc OOygn1AO5RMJtOGZjJDkimUoX/i xoUibv0Td/6NmXYW2nog5HDOve Tk+AlnSjvOt1Xa2Nza3invVvb2D w6P7OOTjopTSWibxDyWPR8rypm gbc00p71EUhz5nHb9yX3ud6dUKh aLJz1LqBfhkWAhI1gbaWjbAz/mg ZpF5spq/tV8aFedurMAWiduQap QoDW0vwZBTNKICk04VqrvOon2Mi w1I5zOK4NU0QSTCR7RvqECR1R5 2SL5HF0YJUBhLM0RGi3U3xsZjlQ ezkxGWI/VqpeL/3n9VId3XsZEk moqyPKhMOVIxyivAQVMUqL5zBBM JDNZERljiYk2ZVVMCe7ql9dJp1 F3r+uNx5tq87KoowxncA41cOEWm vAALWgDgSk8wyu8WZn1Yr1bH8v RklXsnMIfWJ8/coSTcQ==</late xit>
(a)
<latexi t sha1_base64 ="RnoPE+wxNRPw tybPLyMMqr/iD yw=">AAAB+Xic bVDLSgMxFL1TX 7W+Rl26CRalbsp MFXRZcOOygn1A O5RMJtOGZjJDk imUoX/ixoUibv0 Td/6NmXYW2nog 5HDOveTk+AlnS jvOt1Xa2Nza3i nvVvb2Dw6P7OOT jopTSWibxDyWP R8rypmgbc00p7 1EUhz5nHb9yX3 ud6dUKhaLJz1Lq BfhkWAhI1gbaW jbAz/mgZpF5sp q+Go+tKtO3VkA rRO3IFUo0BraX4 MgJmlEhSYcK9V 3nUR7GZaaEU7n lUGqaILJBI9o31 CBI6q8bJF8ji6 MEqAwluYIjRbq 740MRyoPZyYjr Mdq1cvF/7x+qsM 7L2MiSTUVZPlQ mHKkY5TXgAImK dF8ZggmkpmsiI yxxESbsiqmBHf1 y+uk06i71/XG4 021eVnUUYYzOI cauHALTXiAFrS BwBSe4RXerMx6s d6tj+VoySp2Tu EPrM8fcP6TcA= =</latexit>
(c)
<latexit sha1_ base64="gqQJcQLfrchtMJG7Ek tQJkrgKFg=">AAAB+XicbVDLSgM xFL1TX7W+Rl26CRalbspMFXRZc OOygn1AO5RMJtOGZjJDkimUoX/i xoUibv0Td/6NmXYW2nog5HDOve Tk+AlnSjvOt1Xa2Nza3invVvb2D w6P7OOTjopTSWibxDyWPR8rypm gbc00p71EUhz5nHb9yX3ud6dUKh aLJz1LqBfhkWAhI1gbaWjbAz/mg ZpF5spq5Go+tKtO3VkArRO3IFU o0BraX4MgJmlEhSYcK9V3nUR7GZ aaEU7nlUGqaILJBI9o31CBI6q8 bJF8ji6MEqAwluYIjRbq740MRyo PZyYjrMdq1cvF/7x+qsM7L2MiS TUVZPlQmHKkY5TXgAImKdF8Zggm kpmsiIyxxESbsiqmBHf1y+uk06 i71/XG4021eVnUUYYzOIcauHALT XiAFrSBwBSe4RXerMx6sd6tj+V oySp2TuEPrM8fdAqTcg==</late xit>
z
<latexit sha1_base64="/bF+n drEvOjT095Oy8HVjhDPT3A=">AAAB6HicbVDLTgJBEOzFF+IL9ehl AjHxRHbRRI8kXjxCIo8ENmR26IWR2dnNzKwJEr7AiweN8eonefNvH GAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYt hksYhVJ6AaBZfYNNwI7CQKaRQIbAfj27nffkSleSzvzSRBP6JDyUP OqLFS46lfLLsVdwGyTryMlCFDvV/86g1ilkYoDRNU667nJsafUmU4 Ezgr9FKNCWVjOsSupZJGqP3p4tAZObfKgISxsiUNWai/J6Y00noSB bYzomakV725+J/XTU1440+5TFKDki0XhakgJibzr8mAK2RGTCyhTH F7K2EjqigzNpuCDcFbfXmdtKoV77JSbVyVa6UsjjycQQkuwINrqMEd 1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/AODvjOI=</latexit >
z
<latexit sha1_ base64="/bF+ndrEvOjT095Oy8 HVjhDPT3A=">AAAB6HicbVDLTgJ BEOzFF+IL9ehlAjHxRHbRRI8kX jxCIo8ENmR26IWR2dnNzKwJEr7A iweN8eonefNvHGAPClbSSaWqO9 1dQSK4Nq777eQ2Nre2d/K7hb39g 8Oj4vFJS8epYthksYhVJ6AaBZf YNNwI7CQKaRQIbAfj27nffkSleS zvzSRBP6JDyUPOqLFS46lfLLsVd wGyTryMlCFDvV/86g1ilkYoDRN U667nJsafUmU4Ezgr9FKNCWVjOs SupZJGqP3p4tAZObfKgISxsiUN Wai/J6Y00noSBbYzomakV725+J/ XTU1440+5TFKDki0XhakgJibzr 8mAK2RGTCyhTHF7K2EjqigzNpuC DcFbfXmdtKoV77JSbVyVa6Usjj ycQQkuwINrqMEd1KEJDBCe4RXen AfnxXl3PpatOSebOYU/cD5/AOD vjOI=</latexit>
· · ·<latexit sha1_ base64="OC+83U7eo20EXXDknX XjPbkOCF4=">AAACAXicbVDLSgN BEJz1GeMr6tHLYBA8hd0o6DHgx WME84BkCbOznWTM7Owy0yuEJSd/ wKv+gTfx6pf4A36Hk2QPJrGgoa jqprsrSKQw6Lrfztr6xubWdmGnu Lu3f3BYOjpumjjVHBo8lrFuB8y AFAoaKFBCO9HAokBCKxjdTv3WE2 gjYvWA4wT8iA2U6AvO0ErNLg9jN L1S2a24M9BV4uWkTHLUe6Wfbhj zNAKFXDJjOp6boJ8xjYJLmBS7qY GE8REbQMdSxSIwfja7dkLPrRLS fqxtKaQz9e9ExiJjxlFgOyOGQ7P sTcX/vE6K/Rs/EypJERSfL+qnk mJMp6/TUGjgKMeWMK6FvZXyIdOM ow1oYUug2QhwUrTBeMsxrJJmte JdVqr3V+Wam0dUIKfkjFwQj1yTG rkjddIgnDySF/JK3pxn5935cD7 nrWtOPnNCFuB8/QLpgJeJ</late xit> ··· <latexit sha1_base64="OC+83U7eo20EXXDknXXjPbkOCF4=">AAACAXicbVDLSgNBEJz1GeMr6tHLYBA8hd0o6DHgxWME84BkCbOznWTM7Owy0yuEJSd/wKv+gTfx6pf4A36Hk2QPJrGgoajqprsrSKQw6Lrfztr6xubWdmGnuLu3f3BYOjpumjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdTv3WE2gjYvWA4wT8iA2U6AvO0ErNLg9jNL1S2a24M9BV4uWkTHLUe6WfbhjzNAKFXDJjOp6boJ8xjYJLmBS7qYGE8REbQMdSxSIwfja7dkLPrRLSfqxtKaQz9e9ExiJjxlFgOyOGQ7PsTcX/vE6K/Rs/EypJERSfL+qnkmJMp6/TUGjgKMeWMK6FvZXyIdOMow1oYUug2QhwUrTBeMsxrJJmteJdVqr3V+Wam0dUIKfkjFwQj1yTGrkjddIgnDySF/JK3pxn5935cD7nrWtOPnNCFuB8/QLpgJeJ</latexit>U1
<latexit sha1_ base64="It7qJMAI+rQD4Cy05t 25ZmW/WJg=">AAAB6nicbVBNS8N AEJ3Ur1q/qh69LC2Cp5JUQY8FL x4rmrbQhrLZTtqlm03Y3Qgl9Cd4 8aCIV3+RN/+N24+Dtj4YeLw3w8 y8MBVcG9f9dgobm1vbO8Xd0t7+w eFR+fikpZNMMfRZIhLVCalGwSX 6hhuBnVQhjUOB7XB8O/PbT6g0T+ SjmaQYxHQoecQZNVZ68Ptev1x1a +4cZJ14S1KFJZr98ldvkLAsRmm YoFp3PTc1QU6V4UzgtNTLNKaUje kQu5ZKGqMO8vmpU3JulQGJEmVL GjJXf0/kNNZ6Eoe2M6ZmpFe9mfi f181MdBPkXKaZQckWi6JMEJOQ2 d9kwBUyIyaWUKa4vZWwEVWUGZtO yYbgrb68Tlr1mndZq99fVRuVZR xFOIMKXIAH19CAO2iCDwyG8Ayv8 OYI58V5dz4WrQVnOXMKf+B8/gD N/Y1h</latexit>
UN
<latexit sha1_base64="p39Q6 UQDu5PDFN20AGYw7d6VsXM=">AAAB6nicbVBNS8NAEJ34WetX1aOX pUXwVJIq6LHgxZNUNG2hDWWz3bRLN5uwOxFK6U/w4kERr/4ib/4bt 20O2vpg4PHeDDPzwlQKg6777aytb2xubRd2irt7+weHpaPjpkkyzb jPEpnodkgNl0JxHwVK3k41p3EoeSsc3cz81hPXRiTqEccpD2I6UCI SjKKVHvzeXa9UcavuHGSVeDmpQI5Gr/TV7Scsi7lCJqkxHc9NMZhQ jYJJPi12M8NTykZ0wDuWKhpzE0zmp07JmVX6JEq0LYVkrv6emNDYm HEc2s6Y4tAsezPxP6+TYXQdTIRKM+SKLRZFmSSYkNnfpC80ZyjHll Cmhb2VsCHVlKFNp2hD8JZfXiXNWtW7qNbuLyv1ch5HAU6hDOfgwRXU 4RYa4AODATzDK7w50nlx3p2PReuak8+cwB84nz/58Y1+</latexit >
UN
<latexit sha1_base64="p39Q6 UQDu5PDFN20AGYw7d6VsXM=">AAAB6nicbVBNS8NAEJ34WetX1aOX pUXwVJIq6LHgxZNUNG2hDWWz3bRLN5uwOxFK6U/w4kERr/4ib/4bt 20O2vpg4PHeDDPzwlQKg6777aytb2xubRd2irt7+weHpaPjpkkyzb jPEpnodkgNl0JxHwVK3k41p3EoeSsc3cz81hPXRiTqEccpD2I6UCI SjKKVHvzeXa9UcavuHGSVeDmpQI5Gr/TV7Scsi7lCJqkxHc9NMZhQ jYJJPi12M8NTykZ0wDuWKhpzE0zmp07JmVX6JEq0LYVkrv6emNDYm HEc2s6Y4tAsezPxP6+TYXQdTIRKM+SKLRZFmSSYkNnfpC80ZyjHll Cmhb2VsCHVlKFNp2hD8JZfXiXNWtW7qNbuLyv1ch5HAU6hDOfgwRXU 4RYa4AODATzDK7w50nlx3p2PReuak8+cwB84nz/58Y1+</latexit >
U1
<latexit sha1_base64="It7qJ MAI+rQD4Cy05t25ZmW/WJg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69 LC2Cp5JUQY8FLx4rmrbQhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2 4+Dtj4YeLw3w8y8MBVcG9f9dgobm1vbO8Xd0t7+weFR+fikpZNMMf RZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+SjmaQYxHQoecQ ZNVZ68Ptev1x1a+4cZJ14S1KFJZr98ldvkLAsRmmYoFp3PTc1QU6V 4UzgtNTLNKaUjekQu5ZKGqMO8vmpU3JulQGJEmVLGjJXf0/kNNZ6E oe2M6ZmpFe9mfif181MdBPkXKaZQckWi6JMEJOQ2d9kwBUyIyaWUK a4vZWwEVWUGZtOyYbgrb68Tlr1mndZq99fVRuVZRxFOIMKXIAH19CA O2iCDwyG8Ayv8OYI58V5dz4WrQVnOXMKf+B8/gDN/Y1h</latexit >
z
<latexit sha1_ base64="/bF+ndrEvOjT095Oy8 HVjhDPT3A=">AAAB6HicbVDLTgJ BEOzFF+IL9ehlAjHxRHbRRI8kX jxCIo8ENmR26IWR2dnNzKwJEr7A iweN8eonefNvHGAPClbSSaWqO9 1dQSK4Nq777eQ2Nre2d/K7hb39g 8Oj4vFJS8epYthksYhVJ6AaBZf YNNwI7CQKaRQIbAfj27nffkSleS zvzSRBP6JDyUPOqLFS46lfLLsVd wGyTryMlCFDvV/86g1ilkYoDRN U667nJsafUmU4Ezgr9FKNCWVjOs SupZJGqP3p4tAZObfKgISxsiUN Wai/J6Y00noSBbYzomakV725+J/ XTU1440+5TFKDki0XhakgJibzr 8mAK2RGTCyhTHF7K2EjqigzNpuC DcFbfXmdtKoV77JSbVyVa6Usjj ycQQkuwINrqMEd1KEJDBCe4RXen AfnxXl3PpatOSebOYU/cD5/AOD vjOI=</latexit>
z
<latexit sha1_base64="/bF+n drEvOjT095Oy8HVjhDPT3A=">AAAB6HicbVDLTgJBEOzFF+IL9ehl AjHxRHbRRI8kXjxCIo8ENmR26IWR2dnNzKwJEr7AiweN8eonefNvH GAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYt hksYhVJ6AaBZfYNNwI7CQKaRQIbAfj27nffkSleSzvzSRBP6JDyUP OqLFS46lfLLsVdwGyTryMlCFDvV/86g1ilkYoDRNU667nJsafUmU4 Ezgr9FKNCWVjOsSupZJGqP3p4tAZObfKgISxsiUNWai/J6Y00noSB bYzomakV725+J/XTU1440+5TFKDki0XhakgJibzr8mAK2RGTCyhTH F7K2EjqigzNpuCDcFbfXmdtKoV77JSbVyVa6UsjjycQQkuwINrqMEd 1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/AODvjOI=</latexit >
z
<latexit sha1_base64="/bF+n drEvOjT095Oy8HVjhDPT3A=">AAAB6HicbVDLTgJBEOzFF+IL9ehl AjHxRHbRRI8kXjxCIo8ENmR26IWR2dnNzKwJEr7AiweN8eonefNvH GAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYt hksYhVJ6AaBZfYNNwI7CQKaRQIbAfj27nffkSleSzvzSRBP6JDyUP OqLFS46lfLLsVdwGyTryMlCFDvV/86g1ilkYoDRNU667nJsafUmU4 Ezgr9FKNCWVjOsSupZJGqP3p4tAZObfKgISxsiUNWai/J6Y00noSB bYzomakV725+J/XTU1440+5TFKDki0XhakgJibzr8mAK2RGTCyhTH F7K2EjqigzNpuCDcFbfXmdtKoV77JSbVyVa6UsjjycQQkuwINrqMEd 1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/AODvjOI=</latexit >
z
<latexit sha1_base64="/bF+n drEvOjT095Oy8HVjhDPT3A=">AAAB6HicbVDLTgJBEOzFF+IL9ehl AjHxRHbRRI8kXjxCIo8ENmR26IWR2dnNzKwJEr7AiweN8eonefNvH GAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYt hksYhVJ6AaBZfYNNwI7CQKaRQIbAfj27nffkSleSzvzSRBP6JDyUP OqLFS46lfLLsVdwGyTryMlCFDvV/86g1ilkYoDRNU667nJsafUmU4 Ezgr9FKNCWVjOsSupZJGqP3p4tAZObfKgISxsiUNWai/J6Y00noSB bYzomakV725+J/XTU1440+5TFKDki0XhakgJibzr8mAK2RGTCyhTH F7K2EjqigzNpuCDcFbfXmdtKoV77JSbVyVa6UsjjycQQkuwINrqMEd 1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/AODvjOI=</latexit >
z
<latexit sha1_base64="/bF+n drEvOjT095Oy8HVjhDPT3A=">AAAB6HicbVDLTgJBEOzFF+IL9ehl AjHxRHbRRI8kXjxCIo8ENmR26IWR2dnNzKwJEr7AiweN8eonefNvH GAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYt hksYhVJ6AaBZfYNNwI7CQKaRQIbAfj27nffkSleSzvzSRBP6JDyUP OqLFS46lfLLsVdwGyTryMlCFDvV/86g1ilkYoDRNU667nJsafUmU4 Ezgr9FKNCWVjOsSupZJGqP3p4tAZObfKgISxsiUNWai/J6Y00noSB bYzomakV725+J/XTU1440+5TFKDki0XhakgJibzr8mAK2RGTCyhTH F7K2EjqigzNpuCDcFbfXmdtKoV77JSbVyVa6UsjjycQQkuwINrqMEd 1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/AODvjOI=</latexit >
Platform 1
<latexit sha1_ base64="o38vrssS/rBXvvZQJe OmGOJdCOI=">AAAB8XicbVA9SwN BEJ3zM8avqKXNkiBYhbtYaBmws YxgPjA5wt5mL1myu3fszgkh5F/Y WChi67+x89+4Sa7QxAcDj/dmmJ kXpVJY9P1vb2Nza3tnt7BX3D84P DounZy2bJIZxpsskYnpRNRyKTR vokDJO6nhVEWSt6Px7dxvP3FjRa IfcJLyUNGhFrFgFJ302JAU48QoE vRLFb/qL0DWSZCTCuRo9EtfvUH CMsU1Mkmt7QZ+iuGUGhRM8lmxl1 meUjamQ951VFPFbThdXDwjF04Z ELfZlUayUH9PTKmydqIi16kojuy qNxf/87oZxjfhVOg0Q67ZclGcS YIJmb9PBsJwhnLiCGVGuFsJG1FD GbqQii6EYPXlddKqVYOrau2+Vq mX8zgKcA5luIQArqEOd9CAJjDQ8 Ayv8OZZ78V79z6WrRtePnMGf+B 9/gD0/pBW</latexit>
Platform 2
<latexit sha1_base64="VyuZA 09HJg5ATIiKY9mQyRMLB1c=">AAAB8XicbVBNS8NAEJ34WetX1aOX pUXwVJJ40GPBi8cK9gPbUDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x2 +agrQ8GHu/NMDMvTKUw6Lrfzsbm1vbObmmvvH9weHRcOTltmyTTjL dYIhPdDanhUijeQoGSd1PNaRxK3gknt3O/88S1EYl6wGnKg5iOlIg Eo2ilx6akGCU6Jv6gUnPr7gJknXgFqUGB5qDy1R8mLIu5QiapMT3P TTHIqUbBJJ+V+5nhKWUTOuI9SxWNuQnyxcUzcmGVIbGbbSkkC/X3R E5jY6ZxaDtjimOz6s3F/7xehtFNkAuVZsgVWy6KMkkwIfP3yVBozl BOLaFMC3srYWOqKUMbUtmG4K2+vE7aft27qvv3fq1RLeIowTlU4RI8 uIYG3EETWsBAwTO8wptjnBfn3flYtm44xcwZ/IHz+QP2gpBX</lat exit>
· · ·<latexit sha1_ base64="OC+83U7eo20EXXDknX XjPbkOCF4=">AAACAXicbVDLSgN BEJz1GeMr6tHLYBA8hd0o6DHgx WME84BkCbOznWTM7Owy0yuEJSd/ wKv+gTfx6pf4A36Hk2QPJrGgoa jqprsrSKQw6Lrfztr6xubWdmGnu Lu3f3BYOjpumjjVHBo8lrFuB8y AFAoaKFBCO9HAokBCKxjdTv3WE2 gjYvWA4wT8iA2U6AvO0ErNLg9jN L1S2a24M9BV4uWkTHLUe6Wfbhj zNAKFXDJjOp6boJ8xjYJLmBS7qY GE8REbQMdSxSIwfja7dkLPrRLS fqxtKaQz9e9ExiJjxlFgOyOGQ7P sTcX/vE6K/Rs/EypJERSfL+qnk mJMp6/TUGjgKMeWMK6FvZXyIdOM ow1oYUug2QhwUrTBeMsxrJJmte JdVqr3V+Wam0dUIKfkjFwQj1yTG rkjddIgnDySF/JK3pxn5935cD7 nrWtOPnNCFuB8/QLpgJeJ</late xit> · · ·<latexit sha1_base64="OC+83 U7eo20EXXDknXXjPbkOCF4=">AAACAXicbVDLSgNBEJz1GeMr6tHL YBA8hd0o6DHgxWME84BkCbOznWTM7Owy0yuEJSd/wKv+gTfx6pf4A 36Hk2QPJrGgoajqprsrSKQw6Lrfztr6xubWdmGnuLu3f3BYOjpumj jVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdTv3WE2gjYvWA4wT8iA2 U6AvO0ErNLg9jNL1S2a24M9BV4uWkTHLUe6WfbhjzNAKFXDJjOp6b oJ8xjYJLmBS7qYGE8REbQMdSxSIwfja7dkLPrRLSfqxtKaQz9e9Ex iJjxlFgOyOGQ7PsTcX/vE6K/Rs/EypJERSfL+qnkmJMp6/TUGjgKM eWMK6FvZXyIdOMow1oYUug2QhwUrTBeMsxrJJmteJdVqr3V+Wam0dU IKfkjFwQj1yTGrkjddIgnDySF/JK3pxn5935cD7nrWtOPnNCFuB8/ QLpgJeJ</latexit>
⇢1
<latexit sha1_bas e64="2NtqYDr0lh5StkeDvGiZzyddjLI=" >AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8h d0o6DHgxWME84BkCbOT2WTM7Mwy0yuEkH/ w4kERr/6PN//GSbIHTSxoKKq66e6KUiks +v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8Q bTUpt2RC2XQvEGCpS8nRpOk0jyVjS6nfmt J26s0OoBxykPEzpQIhaMopOaXTPUvaBXKv sVfw6ySoKclCFHvVf66vY1yxKukElqbSfw Uwwn1KBgkk+L3czylLIRHfCOo4om3IaT+ bVTcu6UPom1caWQzNXfExOaWDtOIteZUBz aZW8m/ud1MoxvwolQaYZcscWiOJMENZm9T vrCcIZy7AhlRrhbCRtSQxm6gIouhGD55VX SrFaCy0r1/qpc8/M4CnAKZ3ABAVxDDe6g Dg1g8AjP8ApvnvZevHfvY9G65uUzJ/AH3u cPQ16O3Q==</latexit>
⇢2
<latexit sha1_base64="KMYpADJWzUU rO8zzgu1mHKETAm0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84 BkCbOTTjJmdmaZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEsGN9f1vb219Y3N ru7BT3N3bPzgsHR03jUo1wwZTQul2RA0KLrFhuRXYTjTSOBLYisa3M7/1hNpwJR/s JMEwpkPJB5xR66RmV49Ur9orlf2KPwdZJUFOypCj3it9dfuKpTFKywQ1phP4iQ0z qi1nAqfFbmowoWxMh9hxVNIYTZjNr52Sc6f0yUBpV9KSufp7IqOxMZM4cp0xtSOz7 M3E/7xOagc3YcZlklqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCRtRTZl1ARVdCMHyy6 ukWa0El5Xq/VW55udxFOAUzuACAriGGtxBHRrA4BGe4RXePOW9eO/ex6J1zctnTuA PvM8fROKO3g==</latexit>
···<latexit sha1_base64="OC+83U7eo20EXXDknXXjPbkOCF4=">AAACAXicbVDLSgNBEJz1GeMr6tHLYBA8hd0o6DHgxWME84BkCbOznWTM7Owy0yuEJSd/wKv+gTfx6pf4A36Hk2QPJrGgoajqprsrSKQw6Lrfztr6xubWdmGnuLu3f3BYOjpumjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdTv3WE2gjYvWA4wT8iA2U6AvO0ErNLg9jNL1S2a24M9BV4uWkTHLUe6WfbhjzNAKFXDJjOp6boJ8xjYJLmBS7qYGE8REbQMdSxSIwfja7dkLPrRLSfqxtKaQz9e9ExiJjxlFgOyOGQ7PsTcX/vE6K/Rs/EypJERSfL+qnkmJMp6/TUGjgKMeWMK6FvZXyIdOMow1oYUug2QhwUrTBeMsxrJJmteJdVqr3V+Wam0dUIKfkjFwQj1yTGrkjddIgnDySF/JK3pxn5935cD7nrWtOPnNCFuB8/QLpgJeJ</latexit>
U1
<latexit sha1_base64="It7qJMAI+rQD4Cy05t25ZmW/WJg=">AAAB6nicbV BNS8NAEJ3Ur1q/qh69LC2Cp5JUQY8FLx4rmrbQhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N24+Dtj4YeLw3w8y8MBVcG9f9dgobm1vbO8Xd0t7+weFR+fikpZNM MfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+SjmaQYxHQoecQZNVZ68Ptev1x1a+4cZJ14S1KFJZr98ldvkLAsRmmYoFp3PTc1QU6V4UzgtNTLNKaUjek Qu5ZKGqMO8vmpU3JulQGJEmVLGjJXf0/kNNZ6Eoe2M6ZmpFe9mfif181MdBPkXKaZQckWi6JMEJOQ2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgrb68Tlr1mndZq9 9fVRuVZRxFOIMKXIAH19CAO2iCDwyG8Ayv8OYI58V5dz4WrQVnOXMKf+B8/gDN/Y1h</latexit>
UN
<latexit sha1_base64="p39Q6UQDu5PDFN20AGYw7d6VsXM=">AAAB6nicbV BNS8NAEJ34WetX1aOXpUXwVJIq6LHgxZNUNG2hDWWz3bRLN5uwOxFK6U/w4kERr/4ib/4bt20O2vpg4PHeDDPzwlQKg6777aytb2xubRd2irt7+weHpaPjpkky zbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3cz81hPXRiTqEccpD2I6UCISjKKVHvzeXa9UcavuHGSVeDmpQI5Gr/TV7Scsi7lCJqkxHc9NMZhQjYJJPi12M8NTykZ 0wDuWKhpzE0zmp07JmVX6JEq0LYVkrv6emNDYmHEc2s6Y4tAsezPxP6+TYXQdTIRKM+SKLRZFmSSYkNnfpC80ZyjHllCmhb2VsCHVlKFNp2hD8JZfXiXNWtW7qN buLyv1ch5HAU6hDOfgwRXU4RYa4AODATzDK7w50nlx3p2PReuak8+cwB84nz/58Y1+</latexit>
{
<latexit sha1_base64="bmEd6YDzBSvnKCR31rmioo78Gi8=">AAAB6XicbV A9SwNBEJ2LXzF+RS1tFoNgIeEuKbQM2FhGMR+QHGFvs5cs2ds7dueEcOQf2FgoYus/svPfuEmu0MQHA4/3ZpiZFyRSGHTdb6ewsbm1vVPcLe3tHxwelY9P2iZO NeMtFstYdwNquBSKt1Cg5N1EcxoFkneCye3c7zxxbUSsHnGacD+iIyVCwSha6aGfDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqE j3rNU0YgbP1tcOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+dtkKDRnKKeWUKaFvZWwMdWUoQ2nZEPwVl9eJ+1a1atXa/ e1SuMqj6MIZ3AOl+DBNTTgDprQAgYhPMMrvDkT58V5dz6WrQUnnzmFP3A+fwCVlI1R</latexit>
{
<latexit sha1_base64="bmEd6YDzBSvnKCR31rmioo78Gi8=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgIeEuKbQM2FhGMR+QHGFvs5cs2ds7dueEcOQf2FgoYus/svPfuEmu0MQHA4/3ZpiZFyRSGHTdb6ewsbm1vVPcLe3tHxwelY9P2iZONeMtFstYdwNquBSKt1Cg5N1EcxoFkneCye3c7zxxbUSsHnGacD+iIyVCwSha6aGfDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1tcOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+dtkKDRnKKeWUKaFvZWwMdWUoQ2nZEPwVl9eJ+1a1atXa/e1SuMqj6MIZ3AOl+DBNTTgDprQAgYhPMMrvDkT58V5dz6WrQUnnzmFP3A+fwCVlI1R</latexit>
· · ·<latexit sha1_ base64="OC+83U7eo20EXXDknX XjPbkOCF4=">AAACAXicbVDLSgN BEJz1GeMr6tHLYBA8hd0o6DHgx WME84BkCbOznWTM7Owy0yuEJSd/ wKv+gTfx6pf4A36Hk2QPJrGgoa jqprsrSKQw6Lrfztr6xubWdmGnu Lu3f3BYOjpumjjVHBo8lrFuB8y AFAoaKFBCO9HAokBCKxjdTv3WE2 gjYvWA4wT8iA2U6AvO0ErNLg9jN L1S2a24M9BV4uWkTHLUe6Wfbhj zNAKFXDJjOp6boJ8xjYJLmBS7qY GE8REbQMdSxSIwfja7dkLPrRLS fqxtKaQz9e9ExiJjxlFgOyOGQ7P sTcX/vE6K/Rs/EypJERSfL+qnk mJMp6/TUGjgKMeWMK6FvZXyIdOM ow1oYUug2QhwUrTBeMsxrJJmte JdVqr3V+Wam0dUIKfkjFwQj1yTG rkjddIgnDySF/JK3pxn5935cD7 nrWtOPnNCFuB8/QLpgJeJ</late xit>s1<latexit sha1_ base64="IjayrAvC7t2n5NUpsN EGjYiaoaw=">AAAB6nicbVBNS8N AEJ3Ur1q/qh69LC2Cp5JUQY8FL x4r2g9oQ9lsJ+3SzSbsboQS+hO8 eFDEq7/Im//GbZuDtj4YeLw3w8 y8IBFcG9f9dgobm1vbO8Xd0t7+w eFR+fikreNUMWyxWMSqG1CNgkt sGW4EdhOFNAoEdoLJ7dzvPKHSPJ aPZpqgH9GR5CFn1FjpQQ+8Qbnq1 twFyDrxclKFHM1B+as/jFkaoTR MUK17npsYP6PKcCZwVuqnGhPKJn SEPUsljVD72eLUGTm3ypCEsbIl DVmovycyGmk9jQLbGVEz1qveXPz P66UmvPEzLpPUoGTLRWEqiInJ/ G8y5AqZEVNLKFPc3krYmCrKjE2n ZEPwVl9eJ+16zbus1e+vqo1KHk cRzqACF+DBNTTgDprQAgYjeIZXe HOE8+K8Ox/L1oKTz5zCHzifP/u xjX8=</latexit> sN<latexit sha1_base64="UzRiD N1XijhymdRezmXFTlZ8z8M=">AAAB6nicbVBNS8NAEJ34WetX1aOX pUXwVJIq6LHgxZNUtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2 zYHbX0w8Hhvhpl5QSKFQdf9dtbWNza3tgs7xd29/YPD0tFxy8SpZr zJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpn57SeujYjVI04S7kd0qEQ oGEUrPZj+Xb9UcavuHGSVeDmpQI5Gv/TVG8QsjbhCJqkxXc9N0M+o RsEknxZ7qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM 4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCW Va2FsJG1FNGdp0ijYEb/nlVdKqVb2Lau3+slIv53EU4BTKcA4eXEEd bqEBTWAwhGd4hTdHOi/Ou/OxaF1z8pkT+APn8wcntI2c</latexit >| {z }
<latexit sha1_ base64="DeBJNoG1EyxlGB5Tm5 JlbzZ9uJk=">AAACKXiclVDLSsN AFJ34rPUVdelmsAiuSlIFXRbcu KxgH9CEMpnctEMnkzAzEUro77jx V9woKOrWH3HSZqGtG88wl8M59z JzT5ByprTjfFgrq2vrG5uVrer2z u7evn1w2FFJJim0acIT2QuIAs4 EtDXTHHqpBBIHHLrB+Lrwu/cgFU vEnZ6k4MdkKFjEKNFGGthNLxMhy EASCrmH/3Omg7wods2pOzPgZeK WpIZKtAb2ixcmNItBaMqJUn3XSb WfE6kZ5TCtepmClNAxGULfUEFi UH4+23SKT40S4iiR5gqNZ+rPiZz ESk3iwHTGRI/UoleIf3n9TEdXf s5EmmkQdP5QlHGsE1zEhkMmgWo+ MYRQycxfMR0Rk5o24VZNCO7iys uk06i75/XG7UWtics4KugYnaAz5 KJL1EQ3qIXaiKIH9IRe0Zv1aD1 b79bnvHXFKmeO0C9YX98P5KFz</ latexit>
· · ·<latexit sha1_base64="OC+83 U7eo20EXXDknXXjPbkOCF4=">AAACAXicbVDLSgNBEJz1GeMr6tHL YBA8hd0o6DHgxWME84BkCbOznWTM7Owy0yuEJSd/wKv+gTfx6pf4A 36Hk2QPJrGgoajqprsrSKQw6Lrfztr6xubWdmGnuLu3f3BYOjpumj jVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdTv3WE2gjYvWA4wT8iA2 U6AvO0ErNLg9jNL1S2a24M9BV4uWkTHLUe6WfbhjzNAKFXDJjOp6b oJ8xjYJLmBS7qYGE8REbQMdSxSIwfja7dkLPrRLSfqxtKaQz9e9Ex iJjxlFgOyOGQ7PsTcX/vE6K/Rs/EypJERSfL+qnkmJMp6/TUGjgKM eWMK6FvZXyIdOMow1oYUug2QhwUrTBeMsxrJJmteJdVqr3V+Wam0dU IKfkjFwQj1yTGrkjddIgnDySF/JK3pxn5935cD7nrWtOPnNCFuB8/ QLpgJeJ</latexit>s01
<latexit sha1_base64="WEshw TXe2PXIMLu8MkIlXaTm0lU=">AAAB83icbVBNSwMxEJ2tX7V+VT16 CS2Cp7JbBT0WvHisYD+gXUs2zbahSTYkWaEs/RtePCji1T/jzX9j2 u5BWx8MPN6bYWZepDgz1ve/vcLG5tb2TnG3tLd/cHhUPj5pmyTVhL ZIwhPdjbChnEnassxy2lWaYhFx2okmt3O/80S1YYl8sFNFQ4FHksW MYOukvhkEj1lfaSbobFCu+jV/AbROgpxUIUdzUP7qDxOSCiot4diY XuArG2ZYW0Y4nZX6qaEKkwke0Z6jEgtqwmxx8wydO2WI4kS7khYt1 N8TGRbGTEXkOgW2Y7PqzcX/vF5q45swY1KllkqyXBSnHNkEzQNAQ6 YpsXzqCCaauVsRGWONiXUxlVwIwerL66RdrwWXtfr9VbVRyeMowhlU 4AICuIYG3EETWkBAwTO8wpuXei/eu/exbC14+cwp/IH3+QMmV5Go< /latexit>
s0N
<latexit sha1_base64="UkcKz jAFDrV2RJXgxibv8/JJTck=">AAAB83icbVBNSwMxEJ31s9avqkcv oUXwVHaroMeCF09SwX5Ady3ZNG1Dk2xIskJZ+je8eFDEq3/Gm//Gt N2Dtj4YeLw3w8y8WHFmrO9/e2vrG5tb24Wd4u7e/sFh6ei4ZZJUE9 okCU90J8aGciZp0zLLaUdpikXMaTse38z89hPVhiXywU4UjQQeSjZ gBFsnhaZ395iFSjNBp71Sxa/6c6BVEuSkAjkavdJX2E9IKqi0hGNj uoGvbJRhbRnhdFoMU0MVJmM8pF1HJRbURNn85ik6c0ofDRLtSlo0V 39PZFgYMxGx6xTYjsyyNxP/87qpHVxHGZMqtVSSxaJBypFN0CwA1G eaEssnjmCimbsVkRHWmFgXU9GFECy/vEpatWpwUa3dX1bq5TyOApxC Gc4hgCuowy00oAkEFDzDK7x5qffivXsfi9Y1L585gT/wPn8AU1CRx Q==</latexit>| {z }
<latexit sha1_base64="DeBJN oG1EyxlGB5Tm5JlbzZ9uJk=">AAACKXiclVDLSsNAFJ34rPUVdelm sAiuSlIFXRbcuKxgH9CEMpnctEMnkzAzEUro77jxV9woKOrWH3HSZ qGtG88wl8M59zJzT5ByprTjfFgrq2vrG5uVrer2zu7evn1w2FFJJi m0acIT2QuIAs4EtDXTHHqpBBIHHLrB+Lrwu/cgFUvEnZ6k4MdkKFj EKNFGGthNLxMhyEASCrmH/3Omg7wods2pOzPgZeKWpIZKtAb2ixcm NItBaMqJUn3XSbWfE6kZ5TCtepmClNAxGULfUEFiUH4+23SKT40S4 iiR5gqNZ+rPiZzESk3iwHTGRI/UoleIf3n9TEdXfs5EmmkQdP5QlH GsE1zEhkMmgWo+MYRQycxfMR0Rk5o24VZNCO7iysuk06i75/XG7UWt ics4KugYnaAz5KJL1EQ3qIXaiKIH9IRe0Zv1aD1b79bnvHXFKmeO0 C9YX98P5KFz</latexit>
P
(2)
U (s
0
A)
<latexit sha1_base64="YV/fj AvnXQ0RyshYN9/En+iCEN4=">AAACCXicbVDJSgNBEO1xjXGLevTS JAjxEmaioMeIF48RzAJJHHo6NUljz0J3jRiGuXrxV7x4UMSrf+DNv 7GzHDTxQcHjvSqq6nmxFBpt+9taWl5ZXVvPbeQ3t7Z3dgt7+00dJY pDg0cyUm2PaZAihAYKlNCOFbDAk9Dy7i7HfuselBZReIOjGHoBG4T CF5yhkdwCrbuN27RcPc7KXYQH9PxUZ+7FbdqNlQggO3YLJbtiT0AX iTMjJTJD3S18dfsRTwIIkUumdcexY+ylTKHgErJ8N9EQM37HBtAxN GQB6F46+SSjR0bpUz9SpkKkE/X3RMoCrUeBZzoDhkM9743F/7xOgv 55LxVhnCCEfLrITyTFiI5joX2hgKMcGcK4EuZWyodMMY4mvLwJwZl/ eZE0qxXnpFK9Pi3VirM4cuSQFEmZOOSM1MgVqZMG4eSRPJNX8mY9W S/Wu/UxbV2yZjMH5A+szx/o6pnA</latexit>
P
(1)
U (sA)
<latexit sha1_ base64="9bKDBJ2lgVM3Xwwc1h UwDap4WJQ=">AAACAHicbVDLSsN AFJ34rPUVdeHCzdAitJuSVEGXF TcuK9gHtDFMppN26OTBzI1YQjb+ ihsXirj1M9z5N07bLLT1wIXDOf dy7z1eLLgCy/o2VlbX1jc2C1vF7 Z3dvX3z4LCtokRS1qKRiGTXI4o JHrIWcBCsG0tGAk+wjje+nvqdBy YVj8I7mMTMCcgw5D6nBLTkmsdNt 3WfVuxqVukDewTPT1XmXlVds2z VrBnwMrFzUkY5mq751R9ENAlYCF QQpXq2FYOTEgmcCpYV+4liMaFj MmQ9TUMSMOWkswcyfKqVAfYjqSs EPFN/T6QkUGoSeLozIDBSi95U/ M/rJeBfOikP4wRYSOeL/ERgiPA0 DTzgklEQE00IlVzfiumISEJBZ1 bUIdiLLy+Tdr1mn9Xqt+flRimPo 4BOUAlVkI0uUAPdoCZqIYoy9Ix e0ZvxZLwY78bHvHXFyGeO0B8Ynz 93y5WW</latexit>
Tr[⇢22,A]
<latexit sha1_base64="6damN gmEL/YG5XAElXB/oVunBjo=">AAACAHicbVDLSsNAFJ3UV62vqAsX bkKL4EJKEgVdVty4rNAXNDFMppN26OTBzI1YQjb+ihsXirj1M9z5N 07bLLT1wIXDOfdy7z1+wpkE0/zWSiura+sb5c3K1vbO7p6+f9CRcS oIbZOYx6LnY0k5i2gbGHDaSwTFoc9p1x/fTP3uAxWSxVELJgl1Qzy MWMAIBiV5+pED9BGylsj7jhjFXmafXef3tuvpNbNuzmAsE6sgNVSg 6elfziAmaUgjIBxL2bfMBNwMC2CE07zipJImmIzxkPYVjXBIpZvNH siNE6UMjCAWqiIwZurviQyHUk5CX3WGGEZy0ZuK/3n9FIIrN2NRkg KNyHxRkHIDYmOahjFgghLgE0UwEUzdapARFpiAyqyiQrAWX14mHbtu ndftu4tao1rEUUbHqIpOkYUuUQPdoiZqI4Jy9Ixe0Zv2pL1o79rHv LWkFTOH6A+0zx98ApY3</latexit>
Tr[⇢21, ]
<latexit sha1_ base64="vVwzPRy4BtE2dfEyq1 RAQFrzpBw=">AAACAHicbVDLSsN AFJ3UV62vqAsXbkKL4EJKUgVdV ty4rNAXJDFMppN26OTBzI1YQjb+ ihsXirj1M9z5N07bLLT1wIXDOf dy7z1+wpkE0/zWSiura+sb5c3K1 vbO7p6+f9CVcSoI7ZCYx6LvY0k 5i2gHGHDaTwTFoc9pzx/fTP3eAx WSxVEbJgl1QzyMWMAIBiV5+pED9 BGytshtR4xiL7POrvP7huvpNbN uzmAsE6sgNVSg5elfziAmaUgjIB xLaVtmAm6GBTDCaV5xUkkTTMZ4 SG1FIxxS6WazB3LjRCkDI4iFqgi Mmfp7IsOhlJPQV50hhpFc9Kbif 56dQnDlZixKUqARmS8KUm5AbEzT MAZMUAJ8oggmgqlbDTLCAhNQmV VUCNbiy8uk26hb5/XG3UWtWS3iK KNjVEWnyEKXqIluUQt1EEE5eka v6E170l60d+1j3lrSiplD9Afa5w 96eJY2</latexit>
Tr[⇢1,A⇢2,A]
<latexit sha1_base64="DK+dr gMFcxZ3J2y9G9KmWhpi5qs=">AAACCXicbZDLSsNAFIYn9VbrLerS zWARXEhJqqDLihuXFXqDJITJdNIOnVyYORFL6NaNr+LGhSJufQN3v o3TNgtt/WHg4z/ncOb8QSq4Asv6Nkorq2vrG+XNytb2zu6euX/QUU kmKWvTRCSyFxDFBI9ZGzgI1kslI1EgWDcY3Uzr3XsmFU/iFoxT5kV kEPOQUwLa8k3sAnuAvCUnjiuHiZ/bZ9cTPMe6Rs83q1bNmgkvg11A FRVq+uaX209oFrEYqCBKObaVgpcTCZwKNqm4mWIpoSMyYI7GmERMe fnskgk+0U4fh4nULwY8c39P5CRSahwFujMiMFSLtan5X83JILzych 6nGbCYzheFmcCQ4GksuM8loyDGGgiVXP8V0yGRhIIOr6JDsBdPXoZO vWaf1+p3F9XGcRFHGR2hY3SKbHSJGugWNVEbUfSIntErejOejBfj3 fiYt5aMYuYQ/ZHx+QPyopm7</latexit>
Random Unitaries
<latexit sha1_ base64="FBo1mo9gLb+LgKJmTB CecY+ZnRw=">AAAB+XicbVBNS8N AEN3Ur1q/oh69LC2Cp5LUgx4LX jxWMW2hDWWzmbRLdzdhd1Moof/E iwdFvPpPvPlv3H4ctPXBwOO9GW bmRRln2njet1Pa2t7Z3SvvVw4Oj 45P3NOztk5zRSGgKU9VNyIaOJM QGGY4dDMFREQcOtH4bu53JqA0S+ WTmWYQCjKULGGUGCsNXPeRyDgVO JDMEMVAD9yaV/cWwJvEX5EaWqE 1cL/6cUpzAdJQTrTu+V5mwoIowy iHWaWfa8gIHZMh9CyVRIAOi8Xl M3xplRgnqbIlDV6ovycKIrSeish 2CmJGet2bi/95vdwkt2HBZJYbk HS5KMk5Nimex4BjpoAaPrWEUMXs rZiOiCLU2LAqNgR//eVN0m7U/e t646FRa1ZXcZTRBaqiK+SjG9RE9 6iFAkTRBD2jV/TmFM6L8+58LFt LzmrmHP2B8/kDX2+TYg==</late xit>
· · ·<latexit sha1_ base64="OC+83U7eo20EXXDknX XjPbkOCF4=">AAACAXicbVDLSgN BEJz1GeMr6tHLYBA8hd0o6DHgx WME84BkCbOznWTM7Owy0yuEJSd/ wKv+gTfx6pf4A36Hk2QPJrGgoa jqprsrSKQw6Lrfztr6xubWdmGnu Lu3f3BYOjpumjjVHBo8lrFuB8y AFAoaKFBCO9HAokBCKxjdTv3WE2 gjYvWA4wT8iA2U6AvO0ErNLg9jN L1S2a24M9BV4uWkTHLUe6Wfbhj zNAKFXDJjOp6boJ8xjYJLmBS7qY GE8REbQMdSxSIwfja7dkLPrRLS fqxtKaQz9e9ExiJjxlFgOyOGQ7P sTcX/vE6K/Rs/EypJERSfL+qnk mJMp6/TUGjgKMeWMK6FvZXyIdOM ow1oYUug2QhwUrTBeMsxrJJmte JdVqr3V+Wam0dUIKfkjFwQj1yTG rkjddIgnDySF/JK3pxn5935cD7 nrWtOPnNCFuB8/QLpgJeJ</late xit>U1
<latexit sha1_ base64="It7qJMAI+rQD4Cy05t 25ZmW/WJg=">AAAB6nicbVBNS8N AEJ3Ur1q/qh69LC2Cp5JUQY8FL x4rmrbQhrLZTtqlm03Y3Qgl9Cd4 8aCIV3+RN/+N24+Dtj4YeLw3w8 y8MBVcG9f9dgobm1vbO8Xd0t7+w eFR+fikpZNMMfRZIhLVCalGwSX 6hhuBnVQhjUOB7XB8O/PbT6g0T+ SjmaQYxHQoecQZNVZ68Ptev1x1a +4cZJ14S1KFJZr98ldvkLAsRmm YoFp3PTc1QU6V4UzgtNTLNKaUje kQu5ZKGqMO8vmpU3JulQGJEmVL GjJXf0/kNNZ6Eoe2M6ZmpFe9mfi f181MdBPkXKaZQckWi6JMEJOQ2 d9kwBUyIyaWUKa4vZWwEVWUGZtO yYbgrb68Tlr1mndZq99fVRuVZR xFOIMKXIAH19CAO2iCDwyG8Ayv8 OYI58V5dz4WrQVnOXMKf+B8/gD N/Y1h</latexit>
UN
<latexit sha1_ base64="p39Q6UQDu5PDFN20AG Yw7d6VsXM=">AAAB6nicbVBNS8N AEJ34WetX1aOXpUXwVJIq6LHgx ZNUNG2hDWWz3bRLN5uwOxFK6U/w 4kERr/4ib/4bt20O2vpg4PHeDD PzwlQKg6777aytb2xubRd2irt7+ weHpaPjpkkyzbjPEpnodkgNl0J xHwVK3k41p3EoeSsc3cz81hPXRi TqEccpD2I6UCISjKKVHvzeXa9Uc avuHGSVeDmpQI5Gr/TV7Scsi7l CJqkxHc9NMZhQjYJJPi12M8NTyk Z0wDuWKhpzE0zmp07JmVX6JEq0 LYVkrv6emNDYmHEc2s6Y4tAsezP xP6+TYXQdTIRKM+SKLRZFmSSYk NnfpC80ZyjHllCmhb2VsCHVlKFN p2hD8JZfXiXNWtW7qNbuLyv1ch 5HAU6hDOfgwRXU4RYa4AODATzDK 7w50nlx3p2PReuak8+cwB84nz/ 58Y1+</latexit>
{
<latexit sha1_ base64="bmEd6YDzBSvnKCR31r mioo78Gi8=">AAAB6XicbVA9SwN BEJ2LXzF+RS1tFoNgIeEuKbQM2 FhGMR+QHGFvs5cs2ds7dueEcOQf 2FgoYus/svPfuEmu0MQHA4/3Zp iZFyRSGHTdb6ewsbm1vVPcLe3tH xwelY9P2iZONeMtFstYdwNquBS Kt1Cg5N1EcxoFkneCye3c7zxxbU SsHnGacD+iIyVCwSha6aGfDcoVt +ouQNaJl5MK5GgOyl/9YczSiCt kkhrT89wE/YxqFEzyWamfGp5QNq Ej3rNU0YgbP1tcOiMXVhmSMNa2 FJKF+nsio5Ex0yiwnRHFsVn15uJ /Xi/F8MbPhEpS5IotF4WpJBiT+ dtkKDRnKKeWUKaFvZWwMdWUoQ2n ZEPwVl9eJ+1a1atXa/e1SuMqj6 MIZ3AOl+DBNTTgDprQAgYhPMMrv DkT58V5dz6WrQUnnzmFP3A+fwC VlI1R</latexit>
{
<latexit sha1_base64="bmEd6YDzBSvnKCR31rmioo78Gi8=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgIeEuKbQM2FhGMR+QHGFvs5cs2ds7dueEcOQf2FgoYus/svPfuEmu0MQHA4/3ZpiZFyRSGHTdb6ewsbm1vVPcLe3tHxwelY9P2iZONeMtFstYdwNquBSKt1Cg5N1EcxoFkneCye3c7zxxbUSsHnGacD+iIyVCwSha6aGfDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1tcOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+dtkKDRnKKeWUKaFvZWwMdWUoQ2nZEPwVl9eJ+1a1atXa/e1SuMqj6MIZ3AOl+DBNTTgDprQAgYhPMMrvDkT58V5dz6WrQUnnzmFP3A+fwCVlI1R</latexit>
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(b)
<latexit sha1_ base64="dxcv4ypJ4rdKknxfYH hbAXD3GwU=">AAAB+XicbVDLSgM xFL1TX7W+Rl26CRalbspMFXRZc OOygn1AO5RMJtOGZjJDkimUoX/i xoUibv0Td/6NmXYW2nog5HDOve Tk+AlnSjvOt1Xa2Nza3invVvb2D w6P7OOTjopTSWibxDyWPR8rypm gbc00p71EUhz5nHb9yX3ud6dUKh aLJz1LqBfhkWAhI1gbaWjbAz/mg ZpF5spq/tV8aFedurMAWiduQap QoDW0vwZBTNKICk04VqrvOon2Mi w1I5zOK4NU0QSTCR7RvqECR1R5 2SL5HF0YJUBhLM0RGi3U3xsZjlQ ezkxGWI/VqpeL/3n9VId3XsZEk moqyPKhMOVIxyivAQVMUqL5zBBM JDNZERljiYk2ZVVMCe7ql9dJp1 F3r+uNx5tq87KoowxncA41cOEWm vAALWgDgSk8wyu8WZn1Yr1bH8v RklXsnMIfWJ8/coSTcQ==</late xit>
(a)
<latexit sha1_ base64="RnoPE+wxNRPwtybPLy MMqr/iDyw=">AAAB+XicbVDLSgM xFL1TX7W+Rl26CRalbspMFXRZc OOygn1AO5RMJtOGZjJDkimUoX/i xoUibv0Td/6NmXYW2nog5HDOve Tk+AlnSjvOt1Xa2Nza3invVvb2D w6P7OOTjopTSWibxDyWPR8rypm gbc00p71EUhz5nHb9yX3ud6dUKh aLJz1LqBfhkWAhI1gbaWjbAz/mg ZpF5spq+Go+tKtO3VkArRO3IFU o0BraX4MgJmlEhSYcK9V3nUR7GZ aaEU7nlUGqaILJBI9o31CBI6q8 bJF8ji6MEqAwluYIjRbq740MRyo PZyYjrMdq1cvF/7x+qsM7L2MiS TUVZPlQmHKkY5TXgAImKdF8Zggm kpmsiIyxxESbsiqmBHf1y+uk06 i71/XG4021eVnUUYYzOIcauHALT XiAFrSBwBSe4RXerMx6sd6tj+V oySp2TuEPrM8fcP6TcA==</late xit>
(c)
<latexit sha1_base64="gqQJc QLfrchtMJG7EktQJkrgKFg=">AAAB+XicbVDLSgMxFL1TX7W+Rl26 CRalbspMFXRZcOOygn1AO5RMJtOGZjJDkimUoX/ixoUibv0Td/6Nm XYW2nog5HDOveTk+AlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSW ibxDyWPR8rypmgbc00p71EUhz5nHb9yX3ud6dUKhaLJz1LqBfhkWA hI1gbaWjbAz/mgZpF5spq5Go+tKtO3VkArRO3IFUo0BraX4MgJmlE hSYcK9V3nUR7GZaaEU7nlUGqaILJBI9o31CBI6q8bJF8ji6MEqAwl uYIjRbq740MRyoPZyYjrMdq1cvF/7x+qsM7L2MiSTUVZPlQmHKkY5 TXgAImKdF8ZggmkpmsiIyxxESbsiqmBHf1y+uk06i71/XG4021eVnU UYYzOIcauHALTXiAFrSBwBSe4RXerMx6sd6tj+VoySp2TuEPrM8fd AqTcg==</latexit>
z
<latexit sha1_base64="/bF+n drEvOjT095Oy8HVjhDPT3A=">AAAB6HicbVDLTgJBEOzFF+IL9ehl AjHxRHbRRI8kXjxCIo8ENmR26IWR2dnNzKwJEr7AiweN8eonefNvH GAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYt hksYhVJ6AaBZfYNNwI7CQKaRQIbAfj27nffkSleSzvzSRBP6JDyUP OqLFS46lfLLsVdwGyTryMlCFDvV/86g1ilkYoDRNU667nJsafUmU4 Ezgr9FKNCWVjOsSupZJGqP3p4tAZObfKgISxsiUNWai/J6Y00noSB bYzomakV725+J/XTU1440+5TFKDki0XhakgJibzr8mAK2RGTCyhTH F7K2EjqigzNpuCDcFbfXmdtKoV77JSbVyVa6UsjjycQQkuwINrqMEd 1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/AODvjOI=</latexit >
U2
<latexit sha1_base64="8c YQG4L7lAVALqIAqaiRrBJfIdg=">AAAB9HicbVBNSwMxFHy pX7V+VT16CRahp7JbBT0WvHis4LZCu5Rsmm1Ds9k1yRbK0t/ hxYMiXv0x3vw3Zts9aOtAYJh5jzeZIBFcG8f5RqWNza3tnf JuZW//4PCoenzS0XGqKPNoLGL1GBDNBJfMM9wI9pgoRqJAs G4wuc397pQpzWP5YGYJ8yMykjzklBgr+f2ImDElIvPmg+ag WnMazgJ4nbgFqUGB9qD61R/GNI2YNFQQrXuukxg/I8pwKti8 0k81SwidkBHrWSpJxLSfLULP8YVVhjiMlX3S4IX6eyMjkda zKLCTeUi96uXif14vNeGNn3GZpIZJujwUpgKbGOcN4CFXjB oxs4RQxW1WTMdEEWpsTxVbgrv65XXSaTbcy0bz/qrWqhd1l OEMzqEOLlxDC+6gDR5QeIJneIU3NEUv6B19LEdLqNg5hT9An z+3WJH6</latexit>
UNA
<latexit sha1_base64="kC Iq3NrndOLAu3gjBBOqNbVYtF0=">AAAB9HicbVBNS8NAEJ3 4WetX1aOX1SJ4KkkV9Fjx4kkqmLbQhrLZbtqlm03c3RRKyO/ w4kERr/4Yb/4bN20O2vpghsd7M+zs82POlLbtb2tldW19Y7 O0Vd7e2d3brxwctlSUSEJdEvFIdnysKGeCupppTjuxpDj0O W3749vcb0+oVCwSj3oaUy/EQ8ECRrA2kuf2097Jfd5usqxf qdo1ewa0TJyCVKFAs1/56g0ikoRUaMKxUl3HjrWXYqkZ4TQr 9xJFY0zGeEi7hgocUuWls6MzdGaUAQoiaUpoNFN/b6Q4VGo a+mYyxHqkFr1c/M/rJjq49lIm4kRTQeYPBQlHOkJ5AmjAJC WaTw3BRDJzKyIjLDHRJqeyCcFZ/PIyadVrzkWt/nBZbaAij hIcwymcgwNX0IA7aIILBJ7gGV7hzZpYL9a79TEfXbGKnSP4A +vzB+IBkWo=</latexit>
Random Unitaries
<latexit sha1_base64="FB o1mo9gLb+LgKJmTBCecY+ZnRw=">AAAB+XicbVBNS8NAEN3 Ur1q/oh69LC2Cp5LUgx4LXjxWMW2hDWWzmbRLdzdhd1Moof/ EiwdFvPpPvPlv3H4ctPXBwOO9GWbmRRln2njet1Pa2t7Z3S vvVw4Oj45P3NOztk5zRSGgKU9VNyIaOJMQGGY4dDMFREQcO tH4bu53JqA0S+WTmWYQCjKULGGUGCsNXPeRyDgVOJDMEMVA D9yaV/cWwJvEX5EaWqE1cL/6cUpzAdJQTrTu+V5mwoIowyiH WaWfa8gIHZMh9CyVRIAOi8XlM3xplRgnqbIlDV6ovycKIrS eish2CmJGet2bi/95vdwkt2HBZJYbkHS5KMk5Nimex4Bjpo AaPrWEUMXsrZiOiCLU2LAqNgR//eVN0m7U/et646FRa1ZXc ZTRBaqiK+SjG9RE96iFAkTRBD2jV/TmFM6L8+58LFtLzmrmH P2B8/kDX2+TYg==</latexit>
· · ·<latexit sha1_base64="OC +83U7eo20EXXDknXXjPbkOCF4=">AAACAXicbVDLSgNBEJz 1GeMr6tHLYBA8hd0o6DHgxWME84BkCbOznWTM7Owy0yuEJSd /wKv+gTfx6pf4A36Hk2QPJrGgoajqprsrSKQw6Lrfztr6xu bWdmGnuLu3f3BYOjpumjjVHBo8lrFuB8yAFAoaKFBCO9HAo kBCKxjdTv3WE2gjYvWA4wT8iA2U6AvO0ErNLg9jNL1S2a24 M9BV4uWkTHLUe6WfbhjzNAKFXDJjOp6boJ8xjYJLmBS7qYGE 8REbQMdSxSIwfja7dkLPrRLSfqxtKaQz9e9ExiJjxlFgOyO GQ7PsTcX/vE6K/Rs/EypJERSfL+qnkmJMp6/TUGjgKMeWMK 6FvZXyIdOMow1oYUug2QhwUrTBeMsxrJJmteJdVqr3V+Wam 0dUIKfkjFwQj1yTGrkjddIgnDySF/JK3pxn5935cD7nrWtOP nNCFuB8/QLpgJeJ</latexit>U1
<latexit sha1_base64="It 7qJMAI+rQD4Cy05t25ZmW/WJg=">AAAB6nicbVBNS8NAEJ3 Ur1q/qh69LC2Cp5JUQY8FLx4rmrbQhrLZTtqlm03Y3Qgl9Cd 48aCIV3+RN/+N24+Dtj4YeLw3w8y8MBVcG9f9dgobm1vbO8 Xd0t7+weFR+fikpZNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7 XB8O/PbT6g0T+SjmaQYxHQoecQZNVZ68Ptev1x1a+4cZJ14 S1KFJZr98ldvkLAsRmmYoFp3PTc1QU6V4UzgtNTLNKaUjekQ u5ZKGqMO8vmpU3JulQGJEmVLGjJXf0/kNNZ6Eoe2M6ZmpFe 9mfif181MdBPkXKaZQckWi6JMEJOQ2d9kwBUyIyaWUKa4vZ WwEVWUGZtOyYbgrb68Tlr1mndZq99fVRuVZRxFOIMKXIAH1 9CAO2iCDwyG8Ayv8OYI58V5dz4WrQVnOXMKf+B8/gDN/Y1h< /latexit>
{
<latexit sha1_base64="bm Ed6YDzBSvnKCR31rmioo78Gi8=">AAAB6XicbVA9SwNBEJ2 LXzF+RS1tFoNgIeEuKbQM2FhGMR+QHGFvs5cs2ds7dueEcOQ f2FgoYus/svPfuEmu0MQHA4/3ZpiZFyRSGHTdb6ewsbm1vV PcLe3tHxwelY9P2iZONeMtFstYdwNquBSKt1Cg5N1EcxoFk neCye3c7zxxbUSsHnGacD+iIyVCwSha6aGfDcoVt+ouQNaJ l5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj 3rNU0YgbP1tcOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn 15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+dtkKDRnKKeWUKaFvZ WwMdWUoQ2nZEPwVl9eJ+1a1atXa/e1SuMqj6MIZ3AOl+DBN TTgDprQAgYhPMMrvDkT58V5dz6WrQUnnzmFP3A+fwCVlI1R< /latexit>
{
<latexit sha1_base64="bmEd6YDzBSvnKCR31rmioo78Gi8=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgIeEuKbQM2FhGMR+QHGFvs5cs2ds7dueEcOQf2FgoYus/svPfuEmu0MQHA4/3ZpiZFyRSGHTdb6ewsbm1vVPcLe3tHxwelY9P2iZONeMtFstYdwNquBSKt1Cg5N1EcxoFkneCye3c7zxxbUSsHnGacD+iIyVCwSha6aGfDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1tcOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+dtkKDRnKKeWUKaFvZWwMdWUoQ2nZEPwVl9eJ+1a1atXa/e1SuMqj6MIZ3AOl+DBNTTgDprQAgYhPMMrvDkT58V5dz6WrQUnnzmFP3A+fwCVlI1R</latexit>
UNA
<latexit sha1_base64="kC Iq3NrndOLAu3gjBBOqNbVYtF0=">AAAB9HicbVBNS8NAEJ3 4WetX1aOX1SJ4KkkV9Fjx4kkqmLbQhrLZbtqlm03c3RRKyO/ w4kERr/4Yb/4bN20O2vpghsd7M+zs82POlLbtb2tldW19Y7 O0Vd7e2d3brxwctlSUSEJdEvFIdnysKGeCupppTjuxpDj0O W3749vcb0+oVCwSj3oaUy/EQ8ECRrA2kuf2097Jfd5usqxf qdo1ewa0TJyCVKFAs1/56g0ikoRUaMKxUl3HjrWXYqkZ4TQr 9xJFY0zGeEi7hgocUuWls6MzdGaUAQoiaUpoNFN/b6Q4VGo a+mYyxHqkFr1c/M/rJjq49lIm4kRTQeYPBQlHOkJ5AmjAJC WaTw3BRDJzKyIjLDHRJqeyCcFZ/PIyadVrzkWt/nBZbaAij hIcwymcgwNX0IA7aIILBJ7gGV7hzZpYL9a79TEfXbGKnSP4A +vzB+IBkWo=</latexit>
s0NA<latexit sha1_base64="ie PunK3QzpjZtm6uYzR9ndlKnfs=">AAAB+3icbVDLSsNAFJ3 4rPUV69LN2CK4KkkVdFlx40oq2Ac0MUymk3bozCTMTMQS8it uXCji1h9x5984bbPQ1gMXDufcy733hAmjSjvOt7Wyura+sV naKm/v7O7t2weVjopTiUkbxyyWvRApwqggbU01I71EEsRDR rrh+Hrqdx+JVDQW93qSEJ+joaARxUgbKbArKsi849vgKn/I vERSTvLArjl1Zwa4TNyC1ECBVmB/eYMYp5wIjRlSqu86ifYz JDXFjORlL1UkQXiMhqRvqECcKD+b3Z7DE6MMYBRLU0LDmfp 7IkNcqQkPTSdHeqQWvan4n9dPdXTpZ1QkqSYCzxdFKYM6ht Mg4IBKgjWbGIKwpOZWiEdIIqxNXGUTgrv48jLpNOruWb1xd 15rVos4SuAIVMEpcMEFaIIb0AJtgMETeAav4M3KrRfr3fqYt 65Yxcwh+APr8wfwMJRH</latexit>· · ·<latexit sha1_base64="OC +83U7eo20EXXDknXXjPbkOCF4=">AAACAXicbVDLSgNBEJz 1GeMr6tHLYBA8hd0o6DHgxWME84BkCbOznWTM7Owy0yuEJSd /wKv+gTfx6pf4A36Hk2QPJrGgoajqprsrSKQw6Lrfztr6xu bWdmGnuLu3f3BYOjpumjjVHBo8lrFuB8yAFAoaKFBCO9HAo kBCKxjdTv3WE2gjYvWA4wT8iA2U6AvO0ErNLg9jNL1S2a24 M9BV4uWkTHLUe6WfbhjzNAKFXDJjOp6boJ8xjYJLmBS7qYGE 8REbQMdSxSIwfja7dkLPrRLSfqxtKaQz9e9ExiJjxlFgOyO GQ7PsTcX/vE6K/Rs/EypJERSfL+qnkmJMp6/TUGjgKMeWMK 6FvZXyIdOMow1oYUug2QhwUrTBeMsxrJJmteJdVqr3V+Wam 0dUIKfkjFwQj1yTGrkjddIgnDySF/JK3pxn5935cD7nrWtOP nNCFuB8/QLpgJeJ</latexit>s1<latexit sha1_base64="Ij ayrAvC7t2n5NUpsNEGjYiaoaw=">AAAB6nicbVBNS8NAEJ3 Ur1q/qh69LC2Cp5JUQY8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO 8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8 Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEd oLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpQQ+8Qbnq1twFyDrx clKFHM1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSE PUsljVD72eLUGTm3ypCEsbIlDVmovycyGmk9jQLbGVEz1qv eXPzP66UmvPEzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3k rYmCrKjE2nZEPwVl9eJ+16zbus1e+vqo1KHkcRzqACF+DBN TTgDprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP/uxjX8=< /latexit>| {z }
<latexit sha1_base64="De BJNoG1EyxlGB5Tm5JlbzZ9uJk=">AAACKXiclVDLSsNAFJ3 4rPUVdelmsAiuSlIFXRbcuKxgH9CEMpnctEMnkzAzEUro77j xV9woKOrWH3HSZqGtG88wl8M59zJzT5ByprTjfFgrq2vrG5 uVrer2zu7evn1w2FFJJim0acIT2QuIAs4EtDXTHHqpBBIHH LrB+Lrwu/cgFUvEnZ6k4MdkKFjEKNFGGthNLxMhyEASCrmH /3Omg7wods2pOzPgZeKWpIZKtAb2ixcmNItBaMqJUn3XSbWf E6kZ5TCtepmClNAxGULfUEFiUH4+23SKT40S4iiR5gqNZ+r PiZzESk3iwHTGRI/UoleIf3n9TEdXfs5EmmkQdP5QlHGsE1 zEhkMmgWo+MYRQycxfMR0Rk5o24VZNCO7iysuk06i75/XG7 UWtics4KugYnaAz5KJL1EQ3qIXaiKIH9IRe0Zv1aD1b79bnv HXFKmeO0C9YX98P5KFz</latexit>
U1
<latexit sha1_base64="TQ AySWrmemfIHgpQIwYF40IEp2U=">AAAB9HicbVBNSwMxFHy pX7V+VT16CRahp7JbBT0WvHis4LZCu5Rsmm1Ds9k1yRbK0t/ hxYMiXv0x3vw3Zts9aOtAYJh5jzeZIBFcG8f5RqWNza3tnf JuZW//4PCoenzS0XGqKPNoLGL1GBDNBJfMM9wI9pgoRqJAs G4wuc397pQpzWP5YGYJ8yMykjzklBgr+f2ImDElIvPmA3dQ rTkNZwG8TtyC1KBAe1D96g9jmkZMGiqI1j3XSYyfEWU4FWxe 6aeaJYROyIj1LJUkYtrPFqHn+MIqQxzGyj5p8EL9vZGRSOt ZFNjJPKRe9XLxP6+XmvDGz7hMUsMkXR4KU4FNjPMG8JArRo 2YWUKo4jYrpmOiCDW2p4otwV398jrpNBvuZaN5f1Vr1Ys6y nAG51AHF66hBXfQBg8oPMEzvMIbmqIX9I4+lqMlVOycwh+gz x+11JH5</latexit>
sNA
<latexit sha1_base64="7z MaRYWy30jmpMtDEMXDCoUuUJ4=">AAAB8HicbVBNSwMxEJ3 1s9avqkcvsUXwVHaroMeKF09SwX5IuyzZNNuGJtklyQpl6a/ w4kERr/4cb/4b03YP2vpg4PHeDDPzwoQzbVz321lZXVvf2C xsFbd3dvf2SweHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEn LbD0c3Ubz9RpVksH8w4ob7AA8kiRrCx0qMOst7JXXA9CUoV t+rOgJaJl5MK5GgEpa9ePyapoNIQjrXuem5i/Awrwwink2Iv 1TTBZIQHtGupxIJqP5sdPEGnVumjKFa2pEEz9fdEhoXWYxH aToHNUC96U/E/r5ua6MrPmExSQyWZL4pSjkyMpt+jPlOUGD 62BBPF7K2IDLHCxNiMijYEb/HlZdKqVb3zau3+olIv53EU4 BjKcAYeXEIdbqEBTSAg4Ble4c1Rzovz7nzMW1ecfOYI/sD5/ AE5WY/t</latexit>
··· <latexit sha1_base64="OC+83U7eo20EXXDknXXjPbkOCF4=">AAACAXicbVDLSgNBEJz1GeMr6tHLYBA8hd0o6DHgxWME84BkCbOznWTM7Owy0yuEJSd/wKv+gTfx6pf4A36Hk2QPJrGgoajqprsrSKQw6Lrfztr6xubWdmGnuLu3f3BYOjpumjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdTv3WE2gjYvWA4wT8iA2U6AvO0ErNLg9jNL1S2a24M9BV4uWkTHLUe6WfbhjzNAKFXDJjOp6boJ8xjYJLmBS7qYGE8REbQMdSxSIwfja7dkLPrRLSfqxtKaQz9e9ExiJjxlFgOyOGQ7PsTcX/vE6K/Rs/EypJERSfL+qnkmJMp6/TUGjgKMeWMK6FvZXyIdOMow1oYUug2QhwUrTBeMsxrJJmteJdVqr3V+Wam0dUIKfkjFwQj1yTGrkjddIgnDySF/JK3pxn5935cD7nrWtOPnNCFuB8/QLpgJeJ</latexit>U1
<latexit sha1_base64="It 7qJMAI+rQD4Cy05t25ZmW/WJg=">AAAB6nicbVBNS8NAEJ3 Ur1q/qh69LC2Cp5JUQY8FLx4rmrbQhrLZTtqlm03Y3Qgl9Cd 48aCIV3+RN/+N24+Dtj4YeLw3w8y8MBVcG9f9dgobm1vbO8 Xd0t7+weFR+fikpZNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7 XB8O/PbT6g0T+SjmaQYxHQoecQZNVZ68Ptev1x1a+4cZJ14 S1KFJZr98ldvkLAsRmmYoFp3PTc1QU6V4UzgtNTLNKaUjekQ u5ZKGqMO8vmpU3JulQGJEmVLGjJXf0/kNNZ6Eoe2M6ZmpFe 9mfif181MdBPkXKaZQckWi6JMEJOQ2d9kwBUyIyaWUKa4vZ WwEVWUGZtOyYbgrb68Tlr1mndZq99fVRuVZRxFOIMKXIAH1 9CAO2iCDwyG8Ayv8OYI58V5dz4WrQVnOXMKf+B8/gDN/Y1h< /latexit>
· · ·<latexit sha1_base64="OC +83U7eo20EXXDknXXjPbkOCF4=">AAACAXicbVDLSgNBEJz 1GeMr6tHLYBA8hd0o6DHgxWME84BkCbOznWTM7Owy0yuEJSd /wKv+gTfx6pf4A36Hk2QPJrGgoajqprsrSKQw6Lrfztr6xu bWdmGnuLu3f3BYOjpumjjVHBo8lrFuB8yAFAoaKFBCO9HAo kBCKxjdTv3WE2gjYvWA4wT8iA2U6AvO0ErNLg9jNL1S2a24 M9BV4uWkTHLUe6WfbhjzNAKFXDJjOp6boJ8xjYJLmBS7qYGE 8REbQMdSxSIwfja7dkLPrRLSfqxtKaQz9e9ExiJjxlFgOyO GQ7PsTcX/vE6K/Rs/EypJERSfL+qnkmJMp6/TUGjgKMeWMK 6FvZXyIdOMow1oYUug2QhwUrTBeMsxrJJmteJdVqr3V+Wam 0dUIKfkjFwQj1yTGrkjddIgnDySF/JK3pxn5935cD7nrWtOP nNCFuB8/QLpgJeJ</latexit>
z
<l ate xit sha 1_b ase6 4=" /bF +ndr EvO jT0 95Oy 8HV jhD PT3A ="> AAA B6Hi cbV DLT gJB EOzF F+I L9e hlAj HxR HbR RI8k Xjx CIo 8ENm R26 IWR 2dnN zKw JEr 7Aiw eN8 eon efNv HGA PCl bSS aWqO 91d QSK 4Nq7 77e Q2N re2d /K7 hb3 9g8O j4v FJS 8epY thk sYh VJ6A aBZ fYN NwI 7CQK aRQ IbA fj27 nff kSl eSzv zSR BP6 JDyU POq LFS 46lf LLs Vdw GyTr yMl CFD vV/ 86g1 ilk YoD RNU6 67n Jsa fUmU 4Ez gr9 FKNC WVj OsS upZJ GqP 3p4 tAZO bfK gIS xsiU NWa i/J 6Y0 0noS BbY zom akV7 25+ J/X TU14 40+ 5TF KDki 0Xh akg Jibz r8m AK2 RGTC yhT HF7 K2E jqig zNp uCD cFbf Xmd tKo V77J SbV yVa 6Usj jyc QQk uwIN rqM Ed1 KEJD BCe 4RX enA fnxX l3P pat OSeb OYU /cD 5/AO Dvj OI= </la tex it>
· · ·<lat exit s ha1_bas e64="OC +83U7e o20EXXD knXXjPb kOCF4= ">AAACA XicbVDL SgNBEJ z1GeMr6 tHLYBA 8hd0o6D HgxWME8 4BkCbO znWTM7O wy0yuEJ Sd/wKv +gTfx6p f4A36H k2QPJrG goajqpr srSKQw 6Lrfztr 6xubWdm GnuLu3 f3BYOjp umjjVHB o8lrFu B8yAFAo aKFBCO 9HAokBC KxjdTv3 WE2gjY vWA4wT8 iA2U6Av O0ErNL g9jNL1S 2a24M9B V4uWkT HLUe6Wf bhjzNA KFXDJjO p6boJ8x jYJLmB S7qYGE8 REbQMdS xSIwfj a7dkLPr RLSfqx tKaQz9e 9ExiJjx lFgOyO GQ7PsTc X/vE6K/ Rs/Eyp JERSfL+ qnkmJMp 6/TUGj gKMeWMK 6FvZXy IdOMow1 oYUug2Q hwUrTB eMsxrJJ mteJdVq r3V+Wa m0dUIKf kjFwQj1 yTGrkj ddIgnDy SF/JK3 pxn5935 cD7nrWt OPnNCF uB8/QLp gJeJ</l atexit > ··· <latexit sha1_base64="OC+83U7eo20EXXDknXXjPbkOCF4=">AAACAXicbVDLSgNBEJz1GeMr6tHLYBA8hd0o6DHgxWME84BkCbOznWTM7Owy0yuEJSd/wKv+gTfx6pf4A36Hk2QPJrGgoajqprsrSKQw6Lrfztr6xubWdmGnuLu3f3BYOjpumjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdTv3WE2gjYvWA4wT8iA2U6AvO0ErNLg9jNL1S2a24M9BV4uWkTHLUe6WfbhjzNAKFXDJjOp6boJ8xjYJLmBS7qYGE8REbQMdSxSIwfja7dkLPrRLSfqxtKaQz9e9ExiJjxlFgOyOGQ7PsTcX/vE6K/Rs/EypJERSfL+qnkmJMp6/TUGjgKMeWMK6FvZXyIdOMow1oYUug2QhwUrTBeMsxrJJmteJdVqr3V+Wam0dUIKfkjFwQj1yTGrkjddIgnDySF/JK3pxn5935cD7nrWtOPnNCFuB8/QLpgJeJ</latexit>U1
<lat exit s ha1_bas e64="It 7qJMAI +rQD4Cy 05t25Zm W/WJg= ">AAAB6 nicbVBN S8NAEJ 3Ur1q/q h69LC2 Cp5JUQY 8FLx4rm rbQhrL ZTtqlm0 3Y3Qgl9 Cd48aC IV3+RN/ +N24+D tj4YeLw 3w8y8MB VcG9f9 dgobm1v bO8Xd0t 7+weFR +fikpZN MMfRZIh LVCalG wSX6hhu BnVQhj UOB7XB8 O/PbT6g 0T+Sjm aQYxHQo ecQZNVZ 68Ptev 1x1a+4c ZJ14S1K FJZr98 ldvkLAs RmmYoF p3PTc1Q U6V4Uzg tNTLNK aUjekQu 5ZKGqMO 8vmpU3 JulQGJE mVLGjJ Xf0/kNN Z6Eoe2M 6ZmpFe 9mfif18 1MdBPkX KaZQck Wi6JMEJ OQ2d9kw BUyIya WUKa4vZ WwEVWU GZtOyYb grb68Tl r1mndZ q99fVRu VZRxFOI MKXIAH 19CAO2i CDwyG8A yv8OYI 58V5dz4 WrQVnO XMKf+B8 /gDN/Y1 h</lat exit>
UN
<latexi t sha1_base64 ="p39Q6UQDu5PD FN20AGYw7d6Vs XM=">AAAB6nic bVBNS8NAEJ34W etX1aOXpUXwVJI q6LHgxZNUNG2h DWWz3bRLN5uwO xFK6U/w4kERr/4 ib/4bt20O2vpg 4PHeDDPzwlQKg 6777aytb2xubR d2irt7+weHpaPj pkkyzbjPEpnod kgNl0JxHwVK3k 41p3EoeSsc3cz 81hPXRiTqEccpD 2I6UCISjKKVHv zeXa9UcavuHGS VeDmpQI5Gr/TV 7Scsi7lCJqkxHc 9NMZhQjYJJPi1 2M8NTykZ0wDuW KhpzE0zmp07JmV X6JEq0LYVkrv6 emNDYmHEc2s6Y 4tAsezPxP6+TY XQdTIRKM+SKLRZ FmSSYkNnfpC80 ZyjHllCmhb2Vs CHVlKFNp2hD8J ZfXiXNWtW7qNbu Lyv1ch5HAU6hD OfgwRXU4RYa4A ODATzDK7w50nl x3p2PReuak8+cw B84nz/58Y1+</ latexit>
UN
<latexit sha1_ base64="p39Q6UQDu5PDFN20AG Yw7d6VsXM=">AAAB6nicbVBNS8N AEJ34WetX1aOXpUXwVJIq6LHgx ZNUNG2hDWWz3bRLN5uwOxFK6U/w 4kERr/4ib/4bt20O2vpg4PHeDD PzwlQKg6777aytb2xubRd2irt7+ weHpaPjpkkyzbjPEpnodkgNl0J xHwVK3k41p3EoeSsc3cz81hPXRi TqEccpD2I6UCISjKKVHvzeXa9Uc avuHGSVeDmpQI5Gr/TV7Scsi7l CJqkxHc9NMZhQjYJJPi12M8NTyk Z0wDuWKhpzE0zmp07JmVX6JEq0 LYVkrv6emNDYmHEc2s6Y4tAsezP xP6+TYXQdTIRKM+SKLRZFmSSYk NnfpC80ZyjHllCmhb2VsCHVlKFN p2hD8JZfXiXNWtW7qNbuLyv1ch 5HAU6hDOfgwRXU4RYa4AODATzDK 7w50nlx3p2PReuak8+cwB84nz/ 58Y1+</latexit>
U1
<latexit sha1_ base64="It7qJMAI+rQD4Cy05t 25ZmW/WJg=">AAAB6nicbVBNS8N AEJ3Ur1q/qh69LC2Cp5JUQY8FL x4rmrbQhrLZTtqlm03Y3Qgl9Cd4 8aCIV3+RN/+N24+Dtj4YeLw3w8 y8MBVcG9f9dgobm1vbO8Xd0t7+w eFR+fikpZNMMfRZIhLVCalGwSX 6hhuBnVQhjUOB7XB8O/PbT6g0T+ SjmaQYxHQoecQZNVZ68Ptev1x1a +4cZJ14S1KFJZr98ldvkLAsRmm YoFp3PTc1QU6V4UzgtNTLNKaUje kQu5ZKGqMO8vmpU3JulQGJEmVL GjJXf0/kNNZ6Eoe2M6ZmpFe9mfi f181MdBPkXKaZQckWi6JMEJOQ2 d9kwBUyIyaWUKa4vZWwEVWUGZtO yYbgrb68Tlr1mndZq99fVRuVZR xFOIMKXIAH19CAO2iCDwyG8Ayv8 OYI58V5dz4WrQVnOXMKf+B8/gD N/Y1h</latexit>
z
<lat exit s ha1_bas e64="/b F+ndrE vOjT095 Oy8HVjh DPT3A= ">AAAB6 HicbVDL TgJBEO zFF+IL9 ehlAjH xRHbRRI 8kXjxCI o8ENmR 26IWR2d nNzKwJE r7Aiwe N8eonef NvHGAP ClbSSaW qO91dQS K4Nq77 7eQ2Nre 2d/K7hb 39g8Oj 4vFJS8e pYthksY hVJ6Aa BZfYNNw I7CQKa RQIbAfj 27nffkS leSzvz SRBP6JD yUPOqLF S46lfL LsVdwGy TryMlCF DvV/86 g1ilkYo DRNU66 7nJsafU mU4Ezgr 9FKNCW VjOsSup ZJGqP3p 4tAZOb fKgISxs iUNWai /J6Y00n oSBbYzo makV72 5+J/XTU 1440+5T FKDki0 XhakgJi bzr8mAK 2RGTCy hTHF7K2 Ejqigz NpuCDcF bfXmdtK oV77JS bVyVa6U sjjycQQ kuwINr qMEd1KE JDBCe4R XenAfn xXl3Ppa tOSebO YU/cD5/ AODvjOI =</lat exit>
z
<latexi t sha1_base64 ="/bF+ndrEvOjT 095Oy8HVjhDPT 3A=">AAAB6Hic bVDLTgJBEOzFF +IL9ehlAjHxRHb RRI8kXjxCIo8E NmR26IWR2dnNz KwJEr7AiweN8eo nefNvHGAPClbS SaWqO91dQSK4N q777eQ2Nre2d/ K7hb39g8Oj4vFJ S8epYthksYhVJ 6AaBZfYNNwI7C QKaRQIbAfj27n ffkSleSzvzSRBP 6JDyUPOqLFS46 lfLLsVdwGyTry MlCFDvV/86g1i lkYoDRNU667nJs afUmU4Ezgr9FK NCWVjOsSupZJG qP3p4tAZObfKgI SxsiUNWai/J6Y 00noSBbYzomak V725+J/XTU144 0+5TFKDki0Xhak gJibzr8mAK2RG TCyhTHF7K2Ejq igzNpuCDcFbfX mdtKoV77JSbVyV a6UsjjycQQkuw INrqMEd1KEJDB Ce4RXenAfnxXl 3PpatOSebOYU/c D5/AODvjOI=</ latexit>
z
<latexit sha1_ base64="/bF+ndrEvOjT095Oy8 HVjhDPT3A=">AAAB6HicbVDLTgJ BEOzFF+IL9ehlAjHxRHbRRI8kX jxCIo8ENmR26IWR2dnNzKwJEr7A iweN8eonefNvHGAPClbSSaWqO9 1dQSK4Nq777eQ2Nre2d/K7hb39g 8Oj4vFJS8epYthksYhVJ6AaBZf YNNwI7CQKaRQIbAfj27nffkSleS zvzSRBP6JDyUPOqLFS46lfLLsVd wGyTryMlCFDvV/86g1ilkYoDRN U667nJsafUmU4Ezgr9FKNCWVjOs SupZJGqP3p4tAZObfKgISxsiUN Wai/J6Y00noSBbYzomakV725+J/ XTU1440+5TFKDki0XhakgJibzr 8mAK2RGTCyhTHF7K2EjqigzNpuC DcFbfXmdtKoV77JSbVyVa6Usjj ycQQkuwINrqMEd1KEJDBCe4RXen AfnxXl3PpatOSebOYU/cD5/AOD vjOI=</latexit>
z
<latexit sha1_ base64="/bF+ndrEvOjT095Oy8 HVjhDPT3A=">AAAB6HicbVDLTgJ BEOzFF+IL9ehlAjHxRHbRRI8kX jxCIo8ENmR26IWR2dnNzKwJEr7A iweN8eonefNvHGAPClbSSaWqO9 1dQSK4Nq777eQ2Nre2d/K7hb39g 8Oj4vFJS8epYthksYhVJ6AaBZf YNNwI7CQKaRQIbAfj27nffkSleS zvzSRBP6JDyUPOqLFS46lfLLsVd wGyTryMlCFDvV/86g1ilkYoDRN U667nJsafUmU4Ezgr9FKNCWVjOs SupZJGqP3p4tAZObfKgISxsiUN Wai/J6Y00noSBbYzomakV725+J/ XTU1440+5TFKDki0XhakgJibzr 8mAK2RGTCyhTHF7K2EjqigzNpuC DcFbfXmdtKoV77JSbVyVa6Usjj ycQQkuwINrqMEd1KEJDBCe4RXen AfnxXl3PpatOSebOYU/cD5/AOD vjOI=</latexit>
z
<latexi t sha1_base64 ="/bF+ndrEvOjT 095Oy8HVjhDPT 3A=">AAAB6Hic bVDLTgJBEOzFF +IL9ehlAjHxRHb RRI8kXjxCIo8E NmR26IWR2dnNz KwJEr7AiweN8eo nefNvHGAPClbS SaWqO91dQSK4N q777eQ2Nre2d/ K7hb39g8Oj4vFJ S8epYthksYhVJ 6AaBZfYNNwI7C QKaRQIbAfj27n ffkSleSzvzSRBP 6JDyUPOqLFS46 lfLLsVdwGyTry MlCFDvV/86g1i lkYoDRNU667nJs afUmU4Ezgr9FK NCWVjOsSupZJG qP3p4tAZObfKgI SxsiUNWai/J6Y 00noSBbYzomak V725+J/XTU144 0+5TFKDki0Xhak gJibzr8mAK2RG TCyhTHF7K2Ejq igzNpuCDcFbfX mdtKoV77JSbVyV a6UsjjycQQkuw INrqMEd1KEJDB Ce4RXenAfnxXl 3PpatOSebOYU/c D5/AODvjOI=</ latexit>
Platform 1
<lat exit s ha1_bas e64="o3 8vrssS /rBXvvZ QJeOmGO JdCOI= ">AAAB8 XicbVA9 SwNBEJ 3zM8avq KXNkiB YhbtYaB mwsYxgP jA5wt5 mL1myu3 fszgkh5 F/YWCh i67+x89 +4Sa7Q xAcDj/d mmJkXpV JY9P1v b2Nza3t nt7BX3D 84PDou nZy2bJI ZxpsskY npRNRy KTRvokD JO6nhV EWSt6Px 7dxvP3F jRaIfc JLyUNGh FrFgFJ3 02JAU4 8QoEvRL Fb/qL0D WSZCTC uRo9Etf vUHCMs U1Mkmt7 QZ+iuGU GhRM8l mxl1meU jamQ951 VFPFbT hdXDwjF 04ZELf ZlUayUH 9PTKmyd qIi16k ojuyqNx f/87oZx jfhVOg 0Q67Zcl GcSYIJm b9PBsJ whnLiCG VGuFsJ G1FDGbq Qii6EYP XlddKq VYOrau2 +VqmX8z gKcA5l uIQArqE Od9CAJj DQ8Ayv 8OZZ78V 79z6Wr RtePnMG f+B9/gD 0/pBW< /latexi t>
Platform 2
<latexit sha1_ base64="VyuZA09HJg5ATIiKY9 mQyRMLB1c=">AAAB8XicbVBNS8N AEJ34WetX1aOXpUXwVJJ40GPBi 8cK9gPbUDbbTbt0swm7E6GE/gsv HhTx6r/x5r9x2+agrQ8GHu/NMD MvTKUw6Lrfzsbm1vbObmmvvH9we HRcOTltmyTTjLdYIhPdDanhUij eQoGSd1PNaRxK3gknt3O/88S1EY l6wGnKg5iOlIgEo2ilx6akGCU6J v6gUnPr7gJknXgFqUGB5qDy1R8 mLIu5QiapMT3PTTHIqUbBJJ+V+5 nhKWUTOuI9SxWNuQnyxcUzcmGV IbGbbSkkC/X3RE5jY6ZxaDtjimO z6s3F/7xehtFNkAuVZsgVWy6KM kkwIfP3yVBozlBOLaFMC3srYWOq KUMbUtmG4K2+vE7aft27qvv3fq 1RLeIowTlU4RI8uIYG3EETWsBAw TO8wptjnBfn3flYtm44xcwZ/IH z+QP2gpBX</latexit>
· · ·<lat exit s ha1_bas e64="OC +83U7e o20EXXD knXXjPb kOCF4= ">AAACA XicbVDL SgNBEJ z1GeMr6 tHLYBA 8hd0o6D HgxWME8 4BkCbO znWTM7O wy0yuEJ Sd/wKv +gTfx6p f4A36H k2QPJrG goajqpr srSKQw 6Lrfztr 6xubWdm GnuLu3 f3BYOjp umjjVHB o8lrFu B8yAFAo aKFBCO 9HAokBC KxjdTv3 WE2gjY vWA4wT8 iA2U6Av O0ErNL g9jNL1S 2a24M9B V4uWkT HLUe6Wf bhjzNA KFXDJjO p6boJ8x jYJLmB S7qYGE8 REbQMdS xSIwfj a7dkLPr RLSfqx tKaQz9e 9ExiJjx lFgOyO GQ7PsTc X/vE6K/ Rs/Eyp JERSfL+ qnkmJMp 6/TUGj gKMeWMK 6FvZXy IdOMow1 oYUug2Q hwUrTB eMsxrJJ mteJdVq r3V+Wa m0dUIKf kjFwQj1 yTGrkj ddIgnDy SF/JK3 pxn5935 cD7nrWt OPnNCF uB8/QLp gJeJ</l atexit > · · ·<latexit sha1_ base64="OC+83U7eo20EXXDknX XjPbkOCF4=">AAACAXicbVDLSgN BEJz1GeMr6tHLYBA8hd0o6DHgx WME84BkCbOznWTM7Owy0yuEJSd/ wKv+gTfx6pf4A36Hk2QPJrGgoa jqprsrSKQw6Lrfztr6xubWdmGnu Lu3f3BYOjpumjjVHBo8lrFuB8y AFAoaKFBCO9HAokBCKxjdTv3WE2 gjYvWA4wT8iA2U6AvO0ErNLg9jN L1S2a24M9BV4uWkTHLUe6Wfbhj zNAKFXDJjOp6boJ8xjYJLmBS7qY GE8REbQMdSxSIwfja7dkLPrRLS fqxtKaQz9e9ExiJjxlFgOyOGQ7P sTcX/vE6K/Rs/EypJERSfL+qnk mJMp6/TUGjgKMeWMK6FvZXyIdOM ow1oYUug2QhwUrTBeMsxrJJmte JdVqr3V+Wam0dUIKfkjFwQj1yTG rkjddIgnDySF/JK3pxn5935cD7 nrWtOPnNCFuB8/QLpgJeJ</late xit>
⇢1
<late xit sha1 _base64=" 2NtqYDr0 lh5StkeD vGiZzyddj LI=">AAA B7XicbVDL SgNBEOz1 GeMr6tHLY BA8hd0o6 DHgxWME84 BkCbOT2W TM7Mwy0y uEkH/w4kE Rr/6PN// GSbIHTSxo KKq66e6K Uiks+v63t 7a+sbm1X dgp7u7tHx yWjo6bVm eG8QbTUp t2RC2XQvE GCpS8nRp Ok0jyVjS6 nfmtJ26s 0OoBxykPE zpQIhaMo pOaXTPUva BXKvsVfw 6ySoKclC FHvVf66vY 1yxKukEl qbSfwUwwn 1KBgkk+L 3czylLIRH fCOo4om3 IaT+bVTcu 6UPom1ca WQzNXfEx OaWDtOIte ZUBzaZW8 m/ud1Moxv wolQaYZc scWiOJMEN Zm9TvrCc IZy7AhlRr hbCRtSQx m6gIouhG D55VXSrFa Cy0r1/qp c8/M4CnAK Z3ABAVxD De6gDg1g8 AjP8Apvn vZevHfvY 9G65uUzJ/ AH3ucPQ1 6O3Q==</l atexit>
⇢2
<latexit sha1_bas e64="KMYpADJWzUUrO8zzgu1mHKETAm0 =">AAAB7XicbVDLSgNBEOz1GeMr6tHLYB A8hd0o6DHgxWME84BkCbOTTjJmdmaZmR XCkn/w4kERr/6PN//GSbIHTSxoKKq66e 6KEsGN9f1vb219Y3Nru7BT3N3bPzgsHR0 3jUo1wwZTQul2RA0KLrFhuRXYTjTSOBL Yisa3M7/1hNpwJR/sJMEwpkPJB5xR66Rm V49Ur9orlf2KPwdZJUFOypCj3it9dfuK pTFKywQ1phP4iQ0zqi1nAqfFbmowoWxMh 9hxVNIYTZjNr52Sc6f0yUBpV9KSufp7I qOxMZM4cp0xtSOz7M3E/7xOagc3YcZlk lqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCR tRTZl1ARVdCMHyy6ukWa0El5Xq/VW55u dxFOAUzuACAriGGtxBHRrA4BGe4RXePOW 9eO/ex6J1zctnTuAPvM8fROKO3g==</l atexit>
···<latexit sha1_base64="OC+83U7eo20EXXDknXXjPbkOCF4=">AAACAXicbVDLSgNBEJz1GeMr6tHLYBA8hd0o6DHgxWME84BkCbOznWTM7Owy0yuEJSd/wKv+gTfx6pf4A36Hk2QPJrGgoajqprsrSKQw6Lrfztr6xubWdmGnuLu3f3BYOjpumjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdTv3WE2gjYvWA4wT8iA2U6AvO0ErNLg9jNL1S2a24M9BV4uWkTHLUe6WfbhjzNAKFXDJjOp6boJ8xjYJLmBS7qYGE8REbQMdSxSIwfja7dkLPrRLSfqxtKaQz9e9ExiJjxlFgOyOGQ7PsTcX/vE6K/Rs/EypJERSfL+qnkmJMp6/TUGjgKMeWMK6FvZXyIdOMow1oYUug2QhwUrTBeMsxrJJmteJdVqr3V+Wam0dUIKfkjFwQj1yTGrkjddIgnDySF/JK3pxn5935cD7nrWtOPnNCFuB8/QLpgJeJ</latexit>
U1
<latexit sha1_base64="It7qJMAI+ rQD4Cy05t25ZmW/WJg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5JUQY8F Lx4rmrbQhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N24+Dtj4YeLw3w8y8MBVcG9 f9dgobm1vbO8Xd0t7+weFR+fikpZNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB 8O/PbT6g0T+SjmaQYxHQoecQZNVZ68Ptev1x1a+4cZJ14S1KFJZr98ldvkLAs RmmYoFp3PTc1QU6V4UzgtNTLNKaUjekQu5ZKGqMO8vmpU3JulQGJEmVLGjJXf0 /kNNZ6Eoe2M6ZmpFe9mfif181MdBPkXKaZQckWi6JMEJOQ2d9kwBUyIyaWUKa 4vZWwEVWUGZtOyYbgrb68Tlr1mndZq99fVRuVZRxFOIMKXIAH19CAO2iCDwyG 8Ayv8OYI58V5dz4WrQVnOXMKf+B8/gDN/Y1h</latexit>
UN
<latexit sha1_base64="p39Q6UQDu 5PDFN20AGYw7d6VsXM=">AAAB6nicbVBNS8NAEJ34WetX1aOXpUXwVJIq6LHg xZNUNG2hDWWz3bRLN5uwOxFK6U/w4kERr/4ib/4bt20O2vpg4PHeDDPzwlQKg6 777aytb2xubRd2irt7+weHpaPjpkkyzbjPEpnodkgNl0JxHwVK3k41p3EoeSs c3cz81hPXRiTqEccpD2I6UCISjKKVHvzeXa9UcavuHGSVeDmpQI5Gr/TV7Scs i7lCJqkxHc9NMZhQjYJJPi12M8NTykZ0wDuWKhpzE0zmp07JmVX6JEq0LYVkrv 6emNDYmHEc2s6Y4tAsezPxP6+TYXQdTIRKM+SKLRZFmSSYkNnfpC80ZyjHllC mhb2VsCHVlKFNp2hD8JZfXiXNWtW7qNbuLyv1ch5HAU6hDOfgwRXU4RYa4AOD ATzDK7w50nlx3p2PReuak8+cwB84nz/58Y1+</latexit>
{
<latexit sha1_base64="bmEd6YDzB SvnKCR31rmioo78Gi8=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgIeEuKbQM 2FhGMR+QHGFvs5cs2ds7dueEcOQf2FgoYus/svPfuEmu0MQHA4/3ZpiZFyRSGH Tdb6ewsbm1vVPcLe3tHxwelY9P2iZONeMtFstYdwNquBSKt1Cg5N1EcxoFkne Cye3c7zxxbUSsHnGacD+iIyVCwSha6aGfDcoVt+ouQNaJl5MK5GgOyl/9YczS iCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1tcOiMXVhmSMNa2FJKF+n sio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+dtkKDRnKKeWUKa FvZWwMdWUoQ2nZEPwVl9eJ+1a1atXa/e1SuMqj6MIZ3AOl+DBNTTgDprQAgYh PMMrvDkT58V5dz6WrQUnnzmFP3A+fwCVlI1R</latexit>
{
<latexit sha1_base64="bmEd6YDzBSvnKCR31rmioo78Gi8=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgIeEuKbQM2FhGMR+QHGFvs5cs2ds7dueEcOQf2FgoYus/svPfuEmu0MQHA4/3ZpiZFyRSGHTdb6ewsbm1vVPcLe3tHxwelY9P2iZONeMtFstYdwNquBSKt1Cg5N1EcxoFkneCye3c7zxxbUSsHnGacD+iIyVCwSha6aGfDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1tcOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+dtkKDRnKKeWUKaFvZWwMdWUoQ2nZEPwVl9eJ+1a1atXa/e1SuMqj6MIZ3AOl+DBNTTgDprQAgYhPMMrvDkT58V5dz6WrQUnnzmFP3A+fwCVlI1R</latexit>
· · ·<lat exit s ha1_bas e64="OC +83U7e o20EXXD knXXjPb kOCF4= ">AAACA XicbVDL SgNBEJ z1GeMr6 tHLYBA 8hd0o6D HgxWME8 4BkCbO znWTM7O wy0yuEJ Sd/wKv +gTfx6p f4A36H k2QPJrG goajqpr srSKQw 6Lrfztr 6xubWdm GnuLu3 f3BYOjp umjjVHB o8lrFu B8yAFAo aKFBCO 9HAokBC KxjdTv3 WE2gjY vWA4wT8 iA2U6Av O0ErNL g9jNL1S 2a24M9B V4uWkT HLUe6Wf bhjzNA KFXDJjO p6boJ8x jYJLmB S7qYGE8 REbQMdS xSIwfj a7dkLPr RLSfqx tKaQz9e 9ExiJjx lFgOyO GQ7PsTc X/vE6K/ Rs/Eyp JERSfL+ qnkmJMp 6/TUGj gKMeWMK 6FvZXy IdOMow1 oYUug2Q hwUrTB eMsxrJJ mteJdVq r3V+Wa m0dUIKf kjFwQj1 yTGrkj ddIgnDy SF/JK3 pxn5935 cD7nrWt OPnNCF uB8/QLp gJeJ</l atexit >s1<lat exit s ha1_bas e64="Ij ayrAvC 7t2n5NU psNEGjY iaoaw= ">AAAB6 nicbVBN S8NAEJ 3Ur1q/q h69LC2 Cp5JUQY 8FLx4r2 g9oQ9l sJ+3SzS bsboQS+ hO8eFD Eq7/Im/ /GbZuD tj4YeLw 3w8y8IB FcG9f9 dgobm1v bO8Xd0t 7+weFR +fikreN UMWyxWM SqG1CN gktsGW4 EdhOFN AoEdoLJ 7dzvPKH SPJaPZ pqgH9GR 5CFn1Fj pQQ+8Q bnq1twF yDrxclK FHM1B+ as/jFka oTRMUK 17npsYP 6PKcCZw VuqnGh PKJnSEP UsljVD7 2eLUGT m3ypCEs bIlDVm ovycyGm k9jQLbG VEz1qv eXPzP66 UmvPEzL pPUoGT LRWEqiI nJ/G8y5 AqZEVN LKFPc3k rYmCrK jE2nZEP wVl9eJ+ 16zbus 1e+vqo1 KHkcRzq ACF+DB NTTgDpr QAgYjeI ZXeHOE 8+K8Ox/ L1oKTz 5zCHzif P/uxjX8 =</lat exit> sN<latexi t sha1_base64 ="UzRiDN1Xijhy mdRezmXFTlZ8z 8M=">AAAB6nic bVBNS8NAEJ34W etX1aOXpUXwVJI q6LHgxZNUtB/Q hrLZbtqlm03Yn Qgl9Cd48aCIV3+ RN/+N2zYHbX0w 8Hhvhpl5QSKFQ df9dtbWNza3tg s7xd29/YPD0tFx y8SpZrzJYhnrT kANl0LxJgqUvJ NoTqNA8nYwvpn 57SeujYjVI04S7 kd0qEQoGEUrPZ j+Xb9UcavuHGS VeDmpQI5Gv/TV G8QsjbhCJqkxXc 9N0M+oRsEknxZ 7qeEJZWM65F1L FY248bP5qVNyZp UBCWNtSyGZq78 nMhoZM4kC2xlR HJllbyb+53VTD K/9TKgkRa7YYlG YSoIxmf1NBkJz hnJiCWVa2FsJG 1FNGdp0ijYEb/ nlVdKqVb2Lau3+ slIv53EU4BTKc A4eXEEdbqEBTW AwhGd4hTdHOi/ Ou/OxaF1z8pkT+ APn8wcntI2c</ latexit>| {z }
<lat exit s ha1_bas e64="De BJNoG1 EyxlGB5 Tm5Jlbz Z9uJk= ">AAACK XiclVDL SsNAFJ 34rPUVd elmsAi uSlIFXR bcuKxgH 9CEMpn ctEMnkz AzEUro7 7jxV9w oKOrWH3 HSZqGt G88wl8M 59zJzT5 ByprTj fFgrq2v rG5uVre r2zu7e vn1w2FF JJim0ac IT2QuI As4EtDX THHqpB BIHHLrB +Lrwu/c gFUvEn Z6k4Mdk KFjEKNF GGthNL xMhyEAS CrmH/3O mg7wod s2pOzPg ZeKWpI ZKtAb2i xcmNItB aMqJUn 3XSbWfE 6kZ5TCt epmClN AxGULfU EFiUH4 +23SKT4 0S4iiR5 gqNZ+r PiZzESk 3iwHTGR I/Uole If3n9TE dXfs5Em mkQdP5 QlHGsE1 zEhkMm gWo+MYR QycxfMR 0Rk5o2 4VZNCO7 iysuk06 i75/XG 7UWtics 4KugYna Az5KJL 1EQ3qIX aiKIH9 IRe0Zv1 aD1b79b nvHXFK meO0C9Y X98P5KF z</lat exit>
· · ·<latexit sha1_ base64="OC+83U7eo20EXXDknX XjPbkOCF4=">AAACAXicbVDLSgN BEJz1GeMr6tHLYBA8hd0o6DHgx WME84BkCbOznWTM7Owy0yuEJSd/ wKv+gTfx6pf4A36Hk2QPJrGgoa jqprsrSKQw6Lrfztr6xubWdmGnu Lu3f3BYOjpumjjVHBo8lrFuB8y AFAoaKFBCO9HAokBCKxjdTv3WE2 gjYvWA4wT8iA2U6AvO0ErNLg9jN L1S2a24M9BV4uWkTHLUe6Wfbhj zNAKFXDJjOp6boJ8xjYJLmBS7qY GE8REbQMdSxSIwfja7dkLPrRLS fqxtKaQz9e9ExiJjxlFgOyOGQ7P sTcX/vE6K/Rs/EypJERSfL+qnk mJMp6/TUGjgKMeWMK6FvZXyIdOM ow1oYUug2QhwUrTBeMsxrJJmte JdVqr3V+Wam0dUIKfkjFwQj1yTG rkjddIgnDySF/JK3pxn5935cD7 nrWtOPnNCFuB8/QLpgJeJ</late xit>s01
<latexit sha1_ base64="WEshwTXe2PXIMLu8Mk IlXaTm0lU=">AAAB83icbVBNSwM xEJ2tX7V+VT16CS2Cp7JbBT0Wv HisYD+gXUs2zbahSTYkWaEs/Rte PCji1T/jzX9j2u5BWx8MPN6bYW ZepDgz1ve/vcLG5tb2TnG3tLd/c HhUPj5pmyTVhLZIwhPdjbChnEn assxy2lWaYhFx2okmt3O/80S1YY l8sFNFQ4FHksWMYOukvhkEj1lfa SbobFCu+jV/AbROgpxUIUdzUP7 qDxOSCiot4diYXuArG2ZYW0Y4nZ X6qaEKkwke0Z6jEgtqwmxx8wyd O2WI4kS7khYt1N8TGRbGTEXkOgW 2Y7PqzcX/vF5q45swY1KllkqyX BSnHNkEzQNAQ6YpsXzqCCaauVsR GWONiXUxlVwIwerL66RdrwWXtf r9VbVRyeMowhlU4AICuIYG3EETW kBAwTO8wpuXei/eu/exbC14+cw p/IH3+QMmV5Go</latexit>
s0N
<latexit sha1_ base64="UkcKzjAFDrV2RJXgxi bv8/JJTck=">AAAB83icbVBNSwM xEJ31s9avqkcvoUXwVHaroMeCF 09SwX5Ady3ZNG1Dk2xIskJZ+je8 eFDEq3/Gm//GtN2Dtj4YeLw3w8 y8WHFmrO9/e2vrG5tb24Wd4u7e/ sFh6ei4ZZJUE9okCU90J8aGciZ p0zLLaUdpikXMaTse38z89hPVhi XywU4UjQQeSjZgBFsnhaZ395iFS jNBp71Sxa/6c6BVEuSkAjkavdJ X2E9IKqi0hGNjuoGvbJRhbRnhdF oMU0MVJmM8pF1HJRbURNn85ik6 c0ofDRLtSlo0V39PZFgYMxGx6xT YjsyyNxP/87qpHVxHGZMqtVSSx aJBypFN0CwA1GeaEssnjmCimbsV kRHWmFgXU9GFECy/vEpatWpwUa 3dX1bq5TyOApxCGc4hgCuowy00o AkEFDzDK7x5qffivXsfi9Y1L58 5gT/wPn8AU1CRxQ==</latexit>| {z }
<latexit sha1_ base64="DeBJNoG1EyxlGB5Tm5 JlbzZ9uJk=">AAACKXiclVDLSsN AFJ34rPUVdelmsAiuSlIFXRbcu KxgH9CEMpnctEMnkzAzEUro77jx V9woKOrWH3HSZqGtG88wl8M59z JzT5ByprTjfFgrq2vrG5uVrer2z u7evn1w2FFJJim0acIT2QuIAs4 EtDXTHHqpBBIHHLrB+Lrwu/cgFU vEnZ6k4MdkKFjEKNFGGthNLxMhy EASCrmH/3Omg7wods2pOzPgZeK WpIZKtAb2ixcmNItBaMqJUn3XSb WfE6kZ5TCtepmClNAxGULfUEFi UH4+23SKT40S4iiR5gqNZ+rPiZz ESk3iwHTGRI/UoleIf3n9TEdXf s5EmmkQdP5QlHGsE1zEhkMmgWo+ MYRQycxfMR0Rk5o24VZNCO7iys uk06i75/XG7UWtics4KugYnaAz5 KJL1EQ3qIXaiKIH9IRe0Zv1aD1 b79bnvHXFKmeO0C9YX98P5KFz</ latexit>
P
(2)
U (s
0
A)
<latexit sha1_ base64="YV/fjAvnXQ0RyshYN9 /En+iCEN4=">AAACCXicbVDJSgN BEO1xjXGLevTSJAjxEmaioMeIF 48RzAJJHHo6NUljz0J3jRiGuXrx V7x4UMSrf+DNv7GzHDTxQcHjvS qq6nmxFBpt+9taWl5ZXVvPbeQ3t 7Z3dgt7+00dJYpDg0cyUm2PaZA ihAYKlNCOFbDAk9Dy7i7HfuselB ZReIOjGHoBG4TCF5yhkdwCrbuN2 7RcPc7KXYQH9PxUZ+7FbdqNlQg gO3YLJbtiT0AXiTMjJTJD3S18df sRTwIIkUumdcexY+ylTKHgErJ8 N9EQM37HBtAxNGQB6F46+SSjR0b pUz9SpkKkE/X3RMoCrUeBZzoDh kM9743F/7xOgv55LxVhnCCEfLrI TyTFiI5joX2hgKMcGcK4EuZWyo dMMY4mvLwJwZl/eZE0qxXnpFK9P i3VirM4cuSQFEmZOOSM1MgVqZM G4eSRPJNX8mY9WS/Wu/UxbV2yZj MH5A+szx/o6pnA</latexit>
P
(1)
U (sA)
<lat exit s ha1_bas e64="9b KDBJ2l gVM3Xww c1hUwDa p4WJQ= ">AAACA HicbVDL SsNAFJ 34rPUVd eHCzdA itJuSVE GXFTcuK 9gHtDF MppN26O TBzI1YQ jb+ihs Xirj1M9 z5N07b LLT1wIX DOfdy7z 1eLLgC y/o2Vlb X1jc2C1 vF7Z3d vX3z4LC tokRS1q KRiGTX I4oJHrI WcBCsG 0tGAk+w jje+nvq dByYVj 8I7mMTM Ccgw5D6 nBLTkm sdNt3Wf VuxqVuk DewTPT 1XmXlVd s2zVrB nwMrFzU kY5mq75 1R9ENA lYCFQQp Xq2FYOT EgmcCp YV+4liM aFjMmQ 9TUMSMO Wkswcyf KqVAfY jqSsEPF N/T6QkU GoSeLo zIDBSi9 5U/M/rJ eBfOik P4wRYSO eL/ERg iPA0DTz gklEQE0 0IlVzf iumISEJ BZ1bUId iLLy+T dr1mn9X qt+flRi mPo4BO UAlVkI0 uUAPdo CZqIYoy 9Ixe0Zv xZLwY7 8bHvHXF yGeO0B8 Ynz93y 5WW</la texit>
Tr[⇢22,A]
<latexit sha1_ base64="6damNgmEL/YG5XAElX B/oVunBjo=">AAACAHicbVDLSsN AFJ3UV62vqAsXbkKL4EJKEgVdV ty4rNAXNDFMppN26OTBzI1YQjb+ ihsXirj1M9z5N07bLLT1wIXDOf dy7z1+wpkE0/zWSiura+sb5c3K1 vbO7p6+f9CRcSoIbZOYx6LnY0k 5i2gbGHDaSwTFoc9p1x/fTP3uAx WSxVELJgl1QzyMWMAIBiV5+pED9 BGylsj7jhjFXmafXef3tuvpNbN uzmAsE6sgNVSg6elfziAmaUgjIB xL2bfMBNwMC2CE07zipJImmIzx kPYVjXBIpZvNHsiNE6UMjCAWqiI wZurviQyHUk5CX3WGGEZy0ZuK/ 3n9FIIrN2NRkgKNyHxRkHIDYmOa hjFgghLgE0UwEUzdapARFpiAyq yiQrAWX14mHbtundftu4tao1rEU UbHqIpOkYUuUQPdoiZqI4Jy9Ix e0Zv2pL1o79rHvLWkFTOH6A+0zx 98ApY3</latexit>
Tr[⇢21,A]
<latexit sha1_base64="vVwzPRy4BtE2dfEyq1RAQFrzpBw=">AAACAHicbVDLSsNAFJ3UV62vqAsXbkKL4EJKUgVdVty4rNAXJDFMppN26OTBzI1YQjb+ihsXirj1M9z5N07bLLT1wIXDOfdy7z1+wpkE0/zWSiura+sb5c3K1vbO7p6+f9CVcSoI7ZCYx6LvY0k5i2gHGHDaTwTFoc9pzx/fTP3eAxWSxVEbJgl1QzyMWMAIBiV5+pED9BGytshtR4xiL7POrvP7huvpNbNuzmAsE6sgNVSg5elfziAmaUgjIBxLaVtmAm6GBTDCaV5xUkkTTMZ4SG1FIxxS6WazB3LjRCkDI4iFqgiMmfp7IsOhlJPQV50hhpFc9Kbif56dQnDlZixKUqARmS8KUm5AbEzTMAZMUAJ8oggmgqlbDTLCAhNQmVVUCNbiy8uk26hb5/XG3UWtWS3iKKNjVEWnyEKXqIluUQt1EEE5ekav6E170l60d+1j3lrSiplD9Afa5w96eJY2</latexit>
Tr[⇢1,A⇢2,A]
<latexi t sha1_base64 ="DK+drgMFcxZ3 J2y9G9KmWhpi5 qs=">AAACCXic bZDLSsNAFIYn9 VbrLerSzWARXEh JqqDLihuXFXqD JITJdNIOnVyYO RFL6NaNr+LGhSJ ufQN3vo3TNgtt /WHg4z/ncOb8Q Sq4Asv6Nkorq2 vrG+XNytb2zu6e uX/QUUkmKWvTR CSyFxDFBI9ZGz gI1kslI1EgWDc Y3Uzr3XsmFU/iF oxT5kVkEPOQUw La8k3sAnuAvCU njiuHiZ/bZ9cT PMe6Rs83q1bNmg kvg11AFRVq+ua X209oFrEYqCBK ObaVgpcTCZwKNq m4mWIpoSMyYI7 GmERMefnskgk+ 0U4fh4nULwY8c 39P5CRSahwFujM iMFSLtan5X83J ILzych6nGbCYz heFmcCQ4GksuM 8loyDGGgiVXP8V 0yGRhIIOr6JDs BdPXoZOvWaf1+ p3F9XGcRFHGR2 hY3SKbHSJGugWN VEbUfSIntErej OejBfj3fiYt5a MYuYQ/ZHx+QPyo pm7</latexit>
Random Unitaries
<l ate xit sha 1_b ase6 4=" FBo 1mo9 gLb +Lg KJmT BCe cY+ ZnRw ="> AAA B+Xi cbV BNS 8NA EN3U r1q /oh 69LC 2Cp 5LU gx4L Xjx WMW 2hDW Wzm bRL dzdh d1M oof /Eiw dFv PpP vPlv 3H4 ctP XBw OO9G Wbm RRl n2nj et1 Pa2 t7Z3 Svv Vw4 Oj45 P3N Ozt k5zR SGg KU9 VNyI aOJ MQG GY4 dDMF REQ cOt H4bu 53J qA0 S+WT mWY QCj KULG GUG CsN XPeR yDg VOJ DMEM VAD 9ya V/c WwJv EX5 EaW qE1c L/6 cUp zAdJ QTr Tu+ V5mw oIo wyi HWaW fa8 gIH ZMh9 CyV RIA Oi8X lM3 xpl Rgn qbIl DV6 ovy cKIr Sei sh2 CmJG et2 bi/ 95vd wkt 2HB ZJYb kHS 5KM k5Ni mex 4Bj poA aPrW EUM Xsr ZiOi CLU 2LA qNgR //e VN0 m7U/ et6 46F Ra1Z XcZ TRB aqiK +Sj G9R E96 iFAk TRB D2j V/Tm FM6 L8+ 58LF tLz mrm HP2B 8/k DX2 +TYg ==< /la texi t>
· · ·<lat exit s ha1_bas e64="OC +83U7e o20EXXD knXXjPb kOCF4= ">AAACA XicbVDL SgNBEJ z1GeMr6 tHLYBA 8hd0o6D HgxWME8 4BkCbO znWTM7O wy0yuEJ Sd/wKv +gTfx6p f4A36H k2QPJrG goajqpr srSKQw 6Lrfztr 6xubWdm GnuLu3 f3BYOjp umjjVHB o8lrFu B8yAFAo aKFBCO 9HAokBC KxjdTv3 WE2gjY vWA4wT8 iA2U6Av O0ErNL g9jNL1S 2a24M9B V4uWkT HLUe6Wf bhjzNA KFXDJjO p6boJ8x jYJLmB S7qYGE8 REbQMdS xSIwfj a7dkLPr RLSfqx tKaQz9e 9ExiJjx lFgOyO GQ7PsTc X/vE6K/ Rs/Eyp JERSfL+ qnkmJMp 6/TUGj gKMeWMK 6FvZXy IdOMow1 oYUug2Q hwUrTB eMsxrJJ mteJdVq r3V+Wa m0dUIKf kjFwQj1 yTGrkj ddIgnDy SF/JK3 pxn5935 cD7nrWt OPnNCF uB8/QLp gJeJ</l atexit >U1
<lat exit s ha1_bas e64="It 7qJMAI +rQD4Cy 05t25Zm W/WJg= ">AAAB6 nicbVBN S8NAEJ 3Ur1q/q h69LC2 Cp5JUQY 8FLx4rm rbQhrL ZTtqlm0 3Y3Qgl9 Cd48aC IV3+RN/ +N24+D tj4YeLw 3w8y8MB VcG9f9 dgobm1v bO8Xd0t 7+weFR +fikpZN MMfRZIh LVCalG wSX6hhu BnVQhj UOB7XB8 O/PbT6g 0T+Sjm aQYxHQo ecQZNVZ 68Ptev 1x1a+4c ZJ14S1K FJZr98 ldvkLAs RmmYoF p3PTc1Q U6V4Uzg tNTLNK aUjekQu 5ZKGqMO 8vmpU3 JulQGJE mVLGjJ Xf0/kNN Z6Eoe2M 6ZmpFe 9mfif18 1MdBPkX KaZQck Wi6JMEJ OQ2d9kw BUyIya WUKa4vZ WwEVWU GZtOyYb grb68Tl r1mndZ q99fVRu VZRxFOI MKXIAH 19CAO2i CDwyG8A yv8OYI 58V5dz4 WrQVnO XMKf+B8 /gDN/Y1 h</lat exit>
UN
<latexi t sha1_base64 ="p39Q6UQDu5PD FN20AGYw7d6Vs XM=">AAAB6nic bVBNS8NAEJ34W etX1aOXpUXwVJI q6LHgxZNUNG2h DWWz3bRLN5uwO xFK6U/w4kERr/4 ib/4bt20O2vpg 4PHeDDPzwlQKg 6777aytb2xubR d2irt7+weHpaPj pkkyzbjPEpnod kgNl0JxHwVK3k 41p3EoeSsc3cz 81hPXRiTqEccpD 2I6UCISjKKVHv zeXa9UcavuHGS VeDmpQI5Gr/TV 7Scsi7lCJqkxHc 9NMZhQjYJJPi1 2M8NTykZ0wDuW KhpzE0zmp07JmV X6JEq0LYVkrv6 emNDYmHEc2s6Y 4tAsezPxP6+TY XQdTIRKM+SKLRZ FmSSYkNnfpC80 ZyjHllCmhb2Vs CHVlKFNp2hD8J ZfXiXNWtW7qNbu Lyv1ch5HAU6hD OfgwRXU4RYa4A ODATzDK7w50nl x3p2PReuak8+cw B84nz/58Y1+</ latexit>
{
<l ate xit sha 1_b ase6 4=" bmE d6YD zBS vnK CR31 rmi oo7 8Gi8 ="> AAA B6Xi cbV A9S wNB EJ2L XzF +RS 1tFo NgI eEu KbQM 2Fh GMR +QHG Fvs 5cs 2ds7 due EcO Qf2F goY us/ svPf uEm u0M QHA 4/3Z piZ FyR SGHT db6 ews bm1v VPc Le3 tHxw elY 9P2 iZON eMt Fst YdwN quB SKt 1Cg 5N1E cxo Fkn eCye 3c7 zxx bUSs HnG acD +iIy VCw Sha 6aGf Dco Vt+ ouQN aJl 5MK 5Gg Oyl/ 9Yc zSi Ctkk hrT 89w E/Yx qFE zyW amfG p5Q NqE j3rN U0Y gbP 1tcO iMX Vhm SMNa 2FJ KF+ nsi o5Ex 0yi wnR HFsV n15 uJ/ Xi/F 8Mb PhE pS5I otF 4Wp JBiT +dt kKD RnKK eWU KaF vZW wMdW UoQ 2nZ EPwV l9e J+1 a1at Xa/ e1S uMqj 6MI Z3A Ol+D BNT TgD prQA gYh PMM rvD kT58 V5d z6W rQUn nzm FP3 A+fw CVl I1R </la tex it>
{
<latexit sha1_base64="bmEd6YDzBSvnKCR31rmioo78Gi8=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgIeEuKbQM2FhGMR+QHGFvs5cs2ds7dueEcOQf2FgoYus/svPfuEmu0MQHA4/3ZpiZFyRSGHTdb6ewsbm1vVPcLe3tHxwelY9P2iZONeMtFstYdwNquBSKt1Cg5N1EcxoFkneCye3c7zxxbUSsHnGacD+iIyVCwSha6aGfDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1tcOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+dtkKDRnKKeWUKaFvZWwMdWUoQ2nZEPwVl9eJ+1a1atXa/e1SuMqj6MIZ3AOl+DBNTTgDprQAgYhPMMrvDkT58V5dz6WrQUnnzmFP3A+fwCVlI1R</latexit>
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(b)
<latexit sha1_base64="dxcv4ypJ4rdKknxfYHhbAXD3GwU=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRalbspMFXRZcOOygn1AO5RMJtOGZjJDkimUoX/ixoUibv0Td/6NmXYW2nog5HDOveTk+AlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWPR8rypmgbc00p71EUhz5nHb9yX3ud6dUKhaLJz1LqBfhkWAhI1gbaWjbAz/mgZpF5spq/tV8aFedurMAWiduQapQoDW0vwZBTNKICk04VqrvOon2Miw1I5zOK4NU0QSTCR7RvqECR1R52SL5HF0YJUBhLM0RGi3U3xsZjlQezkxGWI/VqpeL/3n9VId3XsZEkmoqyPKhMOVIxyivAQVMUqL5zBBMJDNZERljiYk2ZVVMCe7ql9dJp1F3r+uNx5tq87KoowxncA41cOEWmvAALWgDgSk8wyu8WZn1Yr1bH8vRklXsnMIfWJ8/coSTcQ==</latexit>
(a)
<latexit sha1_base64="RnoPE+wxNRPwtybPLyMMqr/iDyw=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRalbspMFXRZcOOygn1AO5RMJtOGZjJDkimUoX/ixoUibv0Td/6NmXYW2nog5HDOveTk+AlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTjopTSWibxDyWPR8rypmgbc00p71EUhz5nHb9yX3ud6dUKhaLJz1LqBfhkWAhI1gbaWjbAz/mgZpF5spq+Go+tKtO3VkArRO3IFUo0BraX4MgJmlEhSYcK9V3nUR7GZaaEU7nlUGqaILJBI9o31CBI6q8bJF8ji6MEqAwluYIjRbq740MRyoPZyYjrMdq1cvF/7x+qsM7L2MiSTUVZPlQmHKkY5TXgAImKdF8ZggmkpmsiIyxxESbsiqmBHf1y+uk06i71/XG4021eVnUUYYzOIcauHALTXiAFrSBwBSe4RXerMx6sd6tj+VoySp2TuEPrM8fcP6TcA==</latexit>
(c)
<latexi t sha1_base64 ="gqQJcQLfrcht MJG7EktQJkrgK Fg=">AAAB+Xic bVDLSgMxFL1TX 7W+Rl26CRalbsp MFXRZcOOygn1A O5RMJtOGZjJDk imUoX/ixoUibv0 Td/6NmXYW2nog 5HDOveTk+AlnS jvOt1Xa2Nza3i nvVvb2Dw6P7OOT jopTSWibxDyWP R8rypmgbc00p7 1EUhz5nHb9yX3 ud6dUKhaLJz1Lq BfhkWAhI1gbaW jbAz/mgZpF5sp q5Go+tKtO3VkA rRO3IFUo0BraX4 MgJmlEhSYcK9V 3nUR7GZaaEU7n lUGqaILJBI9o31 CBI6q8bJF8ji6 MEqAwluYIjRbq 740MRyoPZyYjr Mdq1cvF/7x+qsM 7L2MiSTUVZPlQ mHKkY5TXgAImK dF8ZggmkpmsiI yxxESbsiqmBHf1 y+uk06i71/XG4 021eVnUUYYzOI cauHALTXiAFrS BwBSe4RXerMx6s d6tj+VoySp2Tu EPrM8fdAqTcg= =</latexit>
z
<latexit sha1_base64="/bF+n drEvOjT095Oy8HVjhDPT3A=">AAAB6HicbVDLTgJBEOzFF+IL9ehl AjHxRHbRRI8kXjxCIo8ENmR26IWR2dnNzKwJEr7AiweN8eonefNvH GAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYt hksYhVJ6AaBZfYNNwI7CQKaRQIbAfj27nffkSleSzvzSRBP6JDyUP OqLFS46lfLLsVdwGyTryMlCFDvV/86g1ilkYoDRNU667nJsafUmU4 Ezgr9FKNCWVjOsSupZJGqP3p4tAZObfKgISxsiUNWai/J6Y00noSB bYzomakV725+J/XTU1440+5TFKDki0XhakgJibzr8mAK2RGTCyhTH F7K2EjqigzNpuCDcFbfXmdtKoV77JSbVyVa6UsjjycQQkuwINrqMEd 1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/AODvjOI=</latexit >
z
<latexi t sha1_base64 ="/bF+ndrEvOjT 095Oy8HVjhDPT 3A=">AAAB6Hic bVDLTgJBEOzFF +IL9ehlAjHxRHb RRI8kXjxCIo8E NmR26IWR2dnNz KwJEr7AiweN8eo nefNvHGAPClbS SaWqO91dQSK4N q777eQ2Nre2d/ K7hb39g8Oj4vFJ S8epYthksYhVJ 6AaBZfYNNwI7C QKaRQIbAfj27n ffkSleSzvzSRBP 6JDyUPOqLFS46 lfLLsVdwGyTry MlCFDvV/86g1i lkYoDRNU667nJs afUmU4Ezgr9FK NCWVjOsSupZJG qP3p4tAZObfKgI SxsiUNWai/J6Y 00noSBbYzomak V725+J/XTU144 0+5TFKDki0Xhak gJibzr8mAK2RG TCyhTHF7K2Ejq igzNpuCDcFbfX mdtKoV77JSbVyV a6UsjjycQQkuw INrqMEd1KEJDB Ce4RXenAfnxXl 3PpatOSebOYU/c D5/AODvjOI=</ latexit>
· · ·<latexi t sha1_base64 ="OC+83U7eo20E XXDknXXjPbkOC F4=">AAACAXic bVDLSgNBEJz1G eMr6tHLYBA8hd0 o6DHgxWME84Bk CbOznWTM7Owy0 yuEJSd/wKv+gTf x6pf4A36Hk2QP JrGgoajqprsrS KQw6Lrfztr6xu bWdmGnuLu3f3BY OjpumjjVHBo8l rFuB8yAFAoaKF BCO9HAokBCKxj dTv3WE2gjYvWA4 wT8iA2U6AvO0E rNLg9jNL1S2a2 4M9BV4uWkTHLU e6WfbhjzNAKFXD JjOp6boJ8xjYJ LmBS7qYGE8REb QMdSxSIwfja7dk LPrRLSfqxtKaQ z9e9ExiJjxlFg OyOGQ7PsTcX/v E6K/Rs/EypJERS fL+qnkmJMp6/T UGjgKMeWMK6Fv ZXyIdOMow1oYU ug2QhwUrTBeMsx rJJmteJdVqr3V +Wam0dUIKfkjF wQj1yTGrkjddI gnDySF/JK3pxn5 935cD7nrWtOPn NCFuB8/QLpgJe J</latexit> ··· <latexit sha1_base64="OC+83U7eo20EXXDknXXjPbkOCF4=">AAACAXicbVDLSgNBEJz1GeMr6tHLYBA8hd0o6DHgxWME84BkCbOznWTM7Owy0yuEJSd/wKv+gTfx6pf4A36Hk2QPJrGgoajqprsrSKQw6Lrfztr6xubWdmGnuLu3f3BYOjpumjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdTv3WE2gjYvWA4wT8iA2U6AvO0ErNLg9jNL1S2a24M9BV4uWkTHLUe6WfbhjzNAKFXDJjOp6boJ8xjYJLmBS7qYGE8REbQMdSxSIwfja7dkLPrRLSfqxtKaQz9e9ExiJjxlFgOyOGQ7PsTcX/vE6K/Rs/EypJERSfL+qnkmJMp6/TUGjgKMeWMK6FvZXyIdOMow1oYUug2QhwUrTBeMsxrJJmteJdVqr3V+Wam0dUIKfkjFwQj1yTGrkjddIgnDySF/JK3pxn5935cD7nrWtOPnNCFuB8/QLpgJeJ</latexit>U1
<latexi t sha1_base64 ="It7qJMAI+rQD 4Cy05t25ZmW/W Jg=">AAAB6nic bVBNS8NAEJ3Ur 1q/qh69LC2Cp5J UQY8FLx4rmrbQ hrLZTtqlm03Y3 Qgl9Cd48aCIV3+ RN/+N24+Dtj4Y eLw3w8y8MBVcG 9f9dgobm1vbO8 Xd0t7+weFR+fik pZNMMfRZIhLVC alGwSX6hhuBnV QhjUOB7XB8O/P bT6g0T+SjmaQYx HQoecQZNVZ68P tev1x1a+4cZJ1 4S1KFJZr98ldv kLAsRmmYoFp3PT c1QU6V4UzgtNT LNKaUjekQu5ZK GqMO8vmpU3JulQ GJEmVLGjJXf0/ kNNZ6Eoe2M6Zm pFe9mfif181Md BPkXKaZQckWi6J MEJOQ2d9kwBUy IyaWUKa4vZWwE VWUGZtOyYbgrb 68Tlr1mndZq99f VRuVZRxFOIMKX IAH19CAO2iCDw yG8Ayv8OYI58V 5dz4WrQVnOXMKf +B8/gDN/Y1h</ latexit>
UN
<latexit sha1_ base64="p39Q6UQDu5PDFN20AG Yw7d6VsXM=">AAAB6nicbVBNS8N AEJ34WetX1aOXpUXwVJIq6LHgx ZNUNG2hDWWz3bRLN5uwOxFK6U/w 4kERr/4ib/4bt20O2vpg4PHeDD PzwlQKg6777aytb2xubRd2irt7+ weHpaPjpkkyzbjPEpnodkgNl0J xHwVK3k41p3EoeSsc3cz81hPXRi TqEccpD2I6UCISjKKVHvzeXa9Uc avuHGSVeDmpQI5Gr/TV7Scsi7l CJqkxHc9NMZhQjYJJPi12M8NTyk Z0wDuWKhpzE0zmp07JmVX6JEq0 LYVkrv6emNDYmHEc2s6Y4tAsezP xP6+TYXQdTIRKM+SKLRZFmSSYk NnfpC80ZyjHllCmhb2VsCHVlKFN p2hD8JZfXiXNWtW7qNbuLyv1ch 5HAU6hDOfgwRXU4RYa4AODATzDK 7w50nlx3p2PReuak8+cwB84nz/ 58Y1+</latexit>
UN
<latexit sha1_ base64="p39Q6UQDu5PDFN20AG Yw7d6VsXM=">AAAB6nicbVBNS8N AEJ34WetX1aOXpUXwVJIq6LHgx ZNUNG2hDWWz3bRLN5uwOxFK6U/w 4kERr/4ib/4bt20O2vpg4PHeDD PzwlQKg6777aytb2xubRd2irt7+ weHpaPjpkkyzbjPEpnodkgNl0J xHwVK3k41p3EoeSsc3cz81hPXRi TqEccpD2I6UCISjKKVHvzeXa9Uc avuHGSVeDmpQI5Gr/TV7Scsi7l CJqkxHc9NMZhQjYJJPi12M8NTyk Z0wDuWKhpzE0zmp07JmVX6JEq0 LYVkrv6emNDYmHEc2s6Y4tAsezP xP6+TYXQdTIRKM+SKLRZFmSSYk NnfpC80ZyjHllCmhb2VsCHVlKFN p2hD8JZfXiXNWtW7qNbuLyv1ch 5HAU6hDOfgwRXU4RYa4AODATzDK 7w50nlx3p2PReuak8+cwB84nz/ 58Y1+</latexit>
U1
<latexit sha1_ base64="It7qJMAI+rQD4Cy05t 25ZmW/WJg=">AAAB6nicbVBNS8N AEJ3Ur1q/qh69LC2Cp5JUQY8FL x4rmrbQhrLZTtqlm03Y3Qgl9Cd4 8aCIV3+RN/+N24+Dtj4YeLw3w8 y8MBVcG9f9dgobm1vbO8Xd0t7+w eFR+fikpZNMMfRZIhLVCalGwSX 6hhuBnVQhjUOB7XB8O/PbT6g0T+ SjmaQYxHQoecQZNVZ68Ptev1x1a +4cZJ14S1KFJZr98ldvkLAsRmm YoFp3PTc1QU6V4UzgtNTLNKaUje kQu5ZKGqMO8vmpU3JulQGJEmVL GjJXf0/kNNZ6Eoe2M6ZmpFe9mfi f181MdBPkXKaZQckWi6JMEJOQ2 d9kwBUyIyaWUKa4vZWwEVWUGZtO yYbgrb68Tlr1mndZq99fVRuVZR xFOIMKXIAH19CAO2iCDwyG8Ayv8 OYI58V5dz4WrQVnOXMKf+B8/gD N/Y1h</latexit>
z
<latexi t sha1_base64 ="/bF+ndrEvOjT 095Oy8HVjhDPT 3A=">AAAB6Hic bVDLTgJBEOzFF +IL9ehlAjHxRHb RRI8kXjxCIo8E NmR26IWR2dnNz KwJEr7AiweN8eo nefNvHGAPClbS SaWqO91dQSK4N q777eQ2Nre2d/ K7hb39g8Oj4vFJ S8epYthksYhVJ 6AaBZfYNNwI7C QKaRQIbAfj27n ffkSleSzvzSRBP 6JDyUPOqLFS46 lfLLsVdwGyTry MlCFDvV/86g1i lkYoDRNU667nJs afUmU4Ezgr9FK NCWVjOsSupZJG qP3p4tAZObfKgI SxsiUNWai/J6Y 00noSBbYzomak V725+J/XTU144 0+5TFKDki0Xhak gJibzr8mAK2RG TCyhTHF7K2Ejq igzNpuCDcFbfX mdtKoV77JSbVyV a6UsjjycQQkuw INrqMEd1KEJDB Ce4RXenAfnxXl 3PpatOSebOYU/c D5/AODvjOI=</ latexit>
z
<latexit sha1_ base64="/bF+ndrEvOjT095Oy8 HVjhDPT3A=">AAAB6HicbVDLTgJ BEOzFF+IL9ehlAjHxRHbRRI8kX jxCIo8ENmR26IWR2dnNzKwJEr7A iweN8eonefNvHGAPClbSSaWqO9 1dQSK4Nq777eQ2Nre2d/K7hb39g 8Oj4vFJS8epYthksYhVJ6AaBZf YNNwI7CQKaRQIbAfj27nffkSleS zvzSRBP6JDyUPOqLFS46lfLLsVd wGyTryMlCFDvV/86g1ilkYoDRN U667nJsafUmU4Ezgr9FKNCWVjOs SupZJGqP3p4tAZObfKgISxsiUN Wai/J6Y00noSBbYzomakV725+J/ XTU1440+5TFKDki0XhakgJibzr 8mAK2RGTCyhTHF7K2EjqigzNpuC DcFbfXmdtKoV77JSbVyVa6Usjj ycQQkuwINrqMEd1KEJDBCe4RXen AfnxXl3PpatOSebOYU/cD5/AOD vjOI=</latexit>
z
<latexit sha1_ base64="/bF+ndrEvOjT095Oy8 HVjhDPT3A=">AAAB6HicbVDLTgJ BEOzFF+IL9ehlAjHxRHbRRI8kX jxCIo8ENmR26IWR2dnNzKwJEr7A iweN8eonefNvHGAPClbSSaWqO9 1dQSK4Nq777eQ2Nre2d/K7hb39g 8Oj4vFJS8epYthksYhVJ6AaBZf YNNwI7CQKaRQIbAfj27nffkSleS zvzSRBP6JDyUPOqLFS46lfLLsVd wGyTryMlCFDvV/86g1ilkYoDRN U667nJsafUmU4Ezgr9FKNCWVjOs SupZJGqP3p4tAZObfKgISxsiUN Wai/J6Y00noSBbYzomakV725+J/ XTU1440+5TFKDki0XhakgJibzr 8mAK2RGTCyhTHF7K2EjqigzNpuC DcFbfXmdtKoV77JSbVyVa6Usjj ycQQkuwINrqMEd1KEJDBCe4RXen AfnxXl3PpatOSebOYU/cD5/AOD vjOI=</latexit>
z
<latexit sha1_ base64="/bF+ndrEvOjT095Oy8 HVjhDPT3A=">AAAB6HicbVDLTgJ BEOzFF+IL9ehlAjHxRHbRRI8kX jxCIo8ENmR26IWR2dnNzKwJEr7A iweN8eonefNvHGAPClbSSaWqO9 1dQSK4Nq777eQ2Nre2d/K7hb39g 8Oj4vFJS8epYthksYhVJ6AaBZf YNNwI7CQKaRQIbAfj27nffkSleS zvzSRBP6JDyUPOqLFS46lfLLsVd wGyTryMlCFDvV/86g1ilkYoDRN U667nJsafUmU4Ezgr9FKNCWVjOs SupZJGqP3p4tAZObfKgISxsiUN Wai/J6Y00noSBbYzomakV725+J/ XTU1440+5TFKDki0XhakgJibzr 8mAK2RGTCyhTHF7K2EjqigzNpuC DcFbfXmdtKoV77JSbVyVa6Usjj ycQQkuwINrqMEd1KEJDBCe4RXen AfnxXl3PpatOSebOYU/cD5/AOD vjOI=</latexit>
z
<latexit sha1_ base64="/bF+ndrEvOjT095Oy8 HVjhDPT3A=">AAAB6HicbVDLTgJ BEOzFF+IL9ehlAjHxRHbRRI8kX jxCIo8ENmR26IWR2dnNzKwJEr7A iweN8eonefNvHGAPClbSSaWqO9 1dQSK4Nq777eQ2Nre2d/K7hb39g 8Oj4vFJS8epYthksYhVJ6AaBZf YNNwI7CQKaRQIbAfj27nffkSleS zvzSRBP6JDyUPOqLFS46lfLLsVd wGyTryMlCFDvV/86g1ilkYoDRN U667nJsafUmU4Ezgr9FKNCWVjOs SupZJGqP3p4tAZObfKgISxsiUN Wai/J6Y00noSBbYzomakV725+J/ XTU1440+5TFKDki0XhakgJibzr 8mAK2RGTCyhTHF7K2EjqigzNpuC DcFbfXmdtKoV77JSbVyVa6Usjj ycQQkuwINrqMEd1KEJDBCe4RXen AfnxXl3PpatOSebOYU/cD5/AOD vjOI=</latexit>
Platform 1
<latexi t sha1_base64 ="o38vrssS/rBX vvZQJeOmGOJdC OI=">AAAB8Xic bVA9SwNBEJ3zM 8avqKXNkiBYhbt YaBmwsYxgPjA5 wt5mL1myu3fsz gkh5F/YWChi67+ x89+4Sa7QxAcD j/dmmJkXpVJY9 P1vb2Nza3tnt7 BX3D84PDounZy2 bJIZxpsskYnpR NRyKTRvokDJO6 nhVEWSt6Px7dx vP3FjRaIfcJLyU NGhFrFgFJ302J AU48QoEvRLFb/ qL0DWSZCTCuRo 9EtfvUHCMsU1Mk mt7QZ+iuGUGhR M8lmxl1meUjam Q951VFPFbThdXD wjF04ZELfZlUa yUH9PTKmydqIi 16kojuyqNxf/8 7oZxjfhVOg0Q67 ZclGcSYIJmb9P BsJwhnLiCGVGu FsJG1FDGbqQii 6EYPXlddKqVYOr au2+VqmX8zgKc A5luIQArqEOd9 CAJjDQ8Ayv8OZ Z78V79z6WrRteP nMGf+B9/gD0/p BW</latexit>
Platform 2
<latexit sha1_ base64="VyuZA09HJg5ATIiKY9 mQyRMLB1c=">AAAB8XicbVBNS8N AEJ34WetX1aOXpUXwVJJ40GPBi 8cK9gPbUDbbTbt0swm7E6GE/gsv HhTx6r/x5r9x2+agrQ8GHu/NMD MvTKUw6Lrfzsbm1vbObmmvvH9we HRcOTltmyTTjLdYIhPdDanhUij eQoGSd1PNaRxK3gknt3O/88S1EY l6wGnKg5iOlIgEo2ilx6akGCU6J v6gUnPr7gJknXgFqUGB5qDy1R8 mLIu5QiapMT3PTTHIqUbBJJ+V+5 nhKWUTOuI9SxWNuQnyxcUzcmGV IbGbbSkkC/X3RE5jY6ZxaDtjimO z6s3F/7xehtFNkAuVZsgVWy6KM kkwIfP3yVBozlBOLaFMC3srYWOq KUMbUtmG4K2+vE7aft27qvv3fq 1RLeIowTlU4RI8uIYG3EETWsBAw TO8wptjnBfn3flYtm44xcwZ/IH z+QP2gpBX</latexit>
· · ·<latexi t sha1_base64 ="OC+83U7eo20E XXDknXXjPbkOC F4=">AAACAXic bVDLSgNBEJz1G eMr6tHLYBA8hd0 o6DHgxWME84Bk CbOznWTM7Owy0 yuEJSd/wKv+gTf x6pf4A36Hk2QP JrGgoajqprsrS KQw6Lrfztr6xu bWdmGnuLu3f3BY OjpumjjVHBo8l rFuB8yAFAoaKF BCO9HAokBCKxj dTv3WE2gjYvWA4 wT8iA2U6AvO0E rNLg9jNL1S2a2 4M9BV4uWkTHLU e6WfbhjzNAKFXD JjOp6boJ8xjYJ LmBS7qYGE8REb QMdSxSIwfja7dk LPrRLSfqxtKaQ z9e9ExiJjxlFg OyOGQ7PsTcX/v E6K/Rs/EypJERS fL+qnkmJMp6/T UGjgKMeWMK6Fv ZXyIdOMow1oYU ug2QhwUrTBeMsx rJJmteJdVqr3V +Wam0dUIKfkjF wQj1yTGrkjddI gnDySF/JK3pxn5 935cD7nrWtOPn NCFuB8/QLpgJe J</latexit> · · ·<latexit sha1_ base64="OC+83U7eo20EXXDknX XjPbkOCF4=">AAACAXicbVDLSgN BEJz1GeMr6tHLYBA8hd0o6DHgx WME84BkCbOznWTM7Owy0yuEJSd/ wKv+gTfx6pf4A36Hk2QPJrGgoa jqprsrSKQw6Lrfztr6xubWdmGnu Lu3f3BYOjpumjjVHBo8lrFuB8y AFAoaKFBCO9HAokBCKxjdTv3WE2 gjYvWA4wT8iA2U6AvO0ErNLg9jN L1S2a24M9BV4uWkTHLUe6Wfbhj zNAKFXDJjOp6boJ8xjYJLmBS7qY GE8REbQMdSxSIwfja7dkLPrRLS fqxtKaQz9e9ExiJjxlFgOyOGQ7P sTcX/vE6K/Rs/EypJERSfL+qnk mJMp6/TUGjgKMeWMK6FvZXyIdOM ow1oYUug2QhwUrTBeMsxrJJmte JdVqr3V+Wam0dUIKfkjFwQj1yTG rkjddIgnDySF/JK3pxn5935cD7 nrWtOPnNCFuB8/QLpgJeJ</late xit>
⇢1
<latexit sha1_base64="2Ntq YDr0lh5StkeDvGiZz yddjLI=">AAAB7Xic bVDLSgNBEOz1GeMr 6tHLYBA8hd0o6DHgx WME84BkCbOT2WTM7M wy0yuEkH/w4kERr/6 PN//GSbIHTSxoKKq6 6e6KUiks+v63t7a+s bm1Xdgp7u7tHxyWjo 6bVmeG8QbTUpt2RC2 XQvEGCpS8nRpOk0jy VjS6nfmtJ26s0OoB xykPEzpQIhaMopOaX TPUvaBXKvsVfw6ySo KclCFHvVf66vY1yxK ukElqbSfwUwwn1KBg kk+L3czylLIRHfCOo 4om3IaT+bVTcu6UPo m1caWQzNXfExOaWDt OIteZUBzaZW8m/ud1 MoxvwolQaYZcscWi OJMENZm9TvrCcIZy7 AhlRrhbCRtSQxm6gI ouhGD55VXSrFaCy0r 1/qpc8/M4CnAKZ3AB AVxDDe6gDg1g8AjP8 ApvnvZevHfvY9G65u UzJ/AH3ucPQ16O3Q= =</latexit>
⇢2
<latexit sha1_bas e64="KMYpADJWzUUrO8zzgu1mHKETAm0 =">AAAB7XicbVDLSgNBEOz1GeMr6tHLYB A8hd0o6DHgxWME84BkCbOTTjJmdmaZmR XCkn/w4kERr/6PN//GSbIHTSxoKKq66e 6KEsGN9f1vb219Y3Nru7BT3N3bPzgsHR0 3jUo1wwZTQul2RA0KLrFhuRXYTjTSOBL Yisa3M7/1hNpwJR/sJMEwpkPJB5xR66Rm V49Ur9orlf2KPwdZJUFOypCj3it9dfuK pTFKywQ1phP4iQ0zqi1nAqfFbmowoWxMh 9hxVNIYTZjNr52Sc6f0yUBpV9KSufp7I qOxMZM4cp0xtSOz7M3E/7xOagc3YcZlk lqUbLFokApiFZm9TvpcI7Ni4ghlmrtbCR tRTZl1ARVdCMHyy6ukWa0El5Xq/VW55u dxFOAUzuACAriGGtxBHRrA4BGe4RXePOW 9eO/ex6J1zctnTuAPvM8fROKO3g==</l atexit>
···<latexit sha1_base64="OC+83U7eo20EXXDknXXjPbkOCF4=">AAACAXicbVDLSgNBEJz1GeMr6tHLYBA8hd0o6DHgxWME84BkCbOznWTM7Owy0yuEJSd/wKv+gTfx6pf4A36Hk2QPJrGgoajqprsrSKQw6Lrfztr6xubWdmGnuLu3f3BYOjpumjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdTv3WE2gjYvWA4wT8iA2U6AvO0ErNLg9jNL1S2a24M9BV4uWkTHLUe6WfbhjzNAKFXDJjOp6boJ8xjYJLmBS7qYGE8REbQMdSxSIwfja7dkLPrRLSfqxtKaQz9e9ExiJjxlFgOyOGQ7PsTcX/vE6K/Rs/EypJERSfL+qnkmJMp6/TUGjgKMeWMK6FvZXyIdOMow1oYUug2QhwUrTBeMsxrJJmteJdVqr3V+Wam0dUIKfkjFwQj1yTGrkjddIgnDySF/JK3pxn5935cD7nrWtOPnNCFuB8/QLpgJeJ</latexit>
U1
<latexit sha1_base64="It7qJMAI+ rQD4Cy05t25ZmW/WJg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5JUQY8F Lx4rmrbQhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N24+Dtj4YeLw3w8y8MBVcG9 f9dgobm1vbO8Xd0t7+weFR+fikpZNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB 8O/PbT6g0T+SjmaQYxHQoecQZNVZ68Ptev1x1a+4cZJ14S1KFJZr98ldvkLAs RmmYoFp3PTc1QU6V4UzgtNTLNKaUjekQu5ZKGqMO8vmpU3JulQGJEmVLGjJXf0 /kNNZ6Eoe2M6ZmpFe9mfif181MdBPkXKaZQckWi6JMEJOQ2d9kwBUyIyaWUKa 4vZWwEVWUGZtOyYbgrb68Tlr1mndZq99fVRuVZRxFOIMKXIAH19CAO2iCDwyG 8Ayv8OYI58V5dz4WrQVnOXMKf+B8/gDN/Y1h</latexit>
UN
<latexit sha1_base64="p39Q6UQDu 5PDFN20AGYw7d6VsXM=">AAAB6nicbVBNS8NAEJ34WetX1aOXpUXwVJIq6LHg xZNUNG2hDWWz3bRLN5uwOxFK6U/w4kERr/4ib/4bt20O2vpg4PHeDDPzwlQKg6 777aytb2xubRd2irt7+weHpaPjpkkyzbjPEpnodkgNl0JxHwVK3k41p3EoeSs c3cz81hPXRiTqEccpD2I6UCISjKKVHvzeXa9UcavuHGSVeDmpQI5Gr/TV7Scs i7lCJqkxHc9NMZhQjYJJPi12M8NTykZ0wDuWKhpzE0zmp07JmVX6JEq0LYVkrv 6emNDYmHEc2s6Y4tAsezPxP6+TYXQdTIRKM+SKLRZFmSSYkNnfpC80ZyjHllC mhb2VsCHVlKFNp2hD8JZfXiXNWtW7qNbuLyv1ch5HAU6hDOfgwRXU4RYa4AOD ATzDK7w50nlx3p2PReuak8+cwB84nz/58Y1+</latexit>
{
<latexit sha1_base64="bmEd6YDzB SvnKCR31rmioo78Gi8=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgIeEuKbQM 2FhGMR+QHGFvs5cs2ds7dueEcOQf2FgoYus/svPfuEmu0MQHA4/3ZpiZFyRSGH Tdb6ewsbm1vVPcLe3tHxwelY9P2iZONeMtFstYdwNquBSKt1Cg5N1EcxoFkne Cye3c7zxxbUSsHnGacD+iIyVCwSha6aGfDcoVt+ouQNaJl5MK5GgOyl/9YczS iCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1tcOiMXVhmSMNa2FJKF+n sio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+dtkKDRnKKeWUKa FvZWwMdWUoQ2nZEPwVl9eJ+1a1atXa/e1SuMqj6MIZ3AOl+DBNTTgDprQAgYh PMMrvDkT58V5dz6WrQUnnzmFP3A+fwCVlI1R</latexit>
{
<latexit sha1_base64="bmEd6YDzBSvnKCR31rmioo78Gi8=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgIeEuKbQM2FhGMR+QHGFvs5cs2ds7dueEcOQf2FgoYus/svPfuEmu0MQHA4/3ZpiZFyRSGHTdb6ewsbm1vVPcLe3tHxwelY9P2iZONeMtFstYdwNquBSKt1Cg5N1EcxoFkneCye3c7zxxbUSsHnGacD+iIyVCwSha6aGfDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1tcOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+dtkKDRnKKeWUKaFvZWwMdWUoQ2nZEPwVl9eJ+1a1atXa/e1SuMqj6MIZ3AOl+DBNTTgDprQAgYhPMMrvDkT58V5dz6WrQUnnzmFP3A+fwCVlI1R</latexit>
· · ·<latexi t sha1_base64 ="OC+83U7eo20E XXDknXXjPbkOC F4=">AAACAXic bVDLSgNBEJz1G eMr6tHLYBA8hd0 o6DHgxWME84Bk CbOznWTM7Owy0 yuEJSd/wKv+gTf x6pf4A36Hk2QP JrGgoajqprsrS KQw6Lrfztr6xu bWdmGnuLu3f3BY OjpumjjVHBo8l rFuB8yAFAoaKF BCO9HAokBCKxj dTv3WE2gjYvWA4 wT8iA2U6AvO0E rNLg9jNL1S2a2 4M9BV4uWkTHLU e6WfbhjzNAKFXD JjOp6boJ8xjYJ LmBS7qYGE8REb QMdSxSIwfja7dk LPrRLSfqxtKaQ z9e9ExiJjxlFg OyOGQ7PsTcX/v E6K/Rs/EypJERS fL+qnkmJMp6/T UGjgKMeWMK6Fv ZXyIdOMow1oYU ug2QhwUrTBeMsx rJJmteJdVqr3V +Wam0dUIKfkjF wQj1yTGrkjddI gnDySF/JK3pxn5 935cD7nrWtOPn NCFuB8/QLpgJe J</latexit>s1<latexi t sha1_base64 ="IjayrAvC7t2n 5NUpsNEGjYiao aw=">AAAB6nic bVBNS8NAEJ3Ur 1q/qh69LC2Cp5J UQY8FLx4r2g9o Q9lsJ+3SzSbsb oQS+hO8eFDEq7/ Im//GbZuDtj4Y eLw3w8y8IBFcG 9f9dgobm1vbO8 Xd0t7+weFR+fik reNUMWyxWMSqG 1CNgktsGW4Edh OFNAoEdoLJ7dz vPKHSPJaPZpqgH 9GR5CFn1FjpQQ +8Qbnq1twFyDr xclKFHM1B+as/ jFkaoTRMUK17np sYP6PKcCZwVuq nGhPKJnSEPUsl jVD72eLUGTm3yp CEsbIlDVmovyc yGmk9jQLbGVEz 1qveXPzP66Umv PEzLpPUoGTLRWE qiInJ/G8y5AqZ EVNLKFPc3krYm CrKjE2nZEPwVl 9eJ+16zbus1e+v qo1KHkcRzqACF +DBNTTgDprQAg YjeIZXeHOE8+K 8Ox/L1oKTz5zCH zifP/uxjX8=</ latexit> sN<latexit sha1_ base64="UzRiDN1XijhymdRezm XFTlZ8z8M=">AAAB6nicbVBNS8N AEJ34WetX1aOXpUXwVJIq6LHgx ZNUtB/QhrLZbtqlm03YnQgl9Cd4 8aCIV3+RN/+N2zYHbX0w8Hhvhp l5QSKFQdf9dtbWNza3tgs7xd29/ YPD0tFxy8SpZrzJYhnrTkANl0L xJgqUvJNoTqNA8nYwvpn57SeujY jVI04S7kd0qEQoGEUrPZj+Xb9Uc avuHGSVeDmpQI5Gv/TVG8Qsjbh CJqkxXc9N0M+oRsEknxZ7qeEJZW M65F1LFY248bP5qVNyZpUBCWNt SyGZq78nMhoZM4kC2xlRHJllbyb +53VTDK/9TKgkRa7YYlGYSoIxm f1NBkJzhnJiCWVa2FsJG1FNGdp0 ijYEb/nlVdKqVb2Lau3+slIv53 EU4BTKcA4eXEEdbqEBTWAwhGd4h TdHOi/Ou/OxaF1z8pkT+APn8wc ntI2c</latexit>| {z }
<latexi t sha1_base64 ="DeBJNoG1Eyxl GB5Tm5JlbzZ9u Jk=">AAACKXic lVDLSsNAFJ34r PUVdelmsAiuSlI FXRbcuKxgH9CE MpnctEMnkzAzE Uro77jxV9woKOr WH3HSZqGtG88w l8M59zJzT5Byp rTjfFgrq2vrG5 uVrer2zu7evn1w 2FFJJim0acIT2 QuIAs4EtDXTHH qpBBIHHLrB+Lr wu/cgFUvEnZ6k4 MdkKFjEKNFGGt hNLxMhyEASCrm H/3Omg7wods2p OzPgZeKWpIZKtA b2ixcmNItBaMq JUn3XSbWfE6kZ 5TCtepmClNAxGU LfUEFiUH4+23S KT40S4iiR5gqN Z+rPiZzESk3iw HTGRI/UoleIf3n 9TEdXfs5EmmkQ dP5QlHGsE1zEh kMmgWo+MYRQyc xfMR0Rk5o24VZN CO7iysuk06i75 /XG7UWtics4Ku gYnaAz5KJL1EQ 3qIXaiKIH9IRe0 Zv1aD1b79bnvH XFKmeO0C9YX98 P5KFz</latexit >
· · ·<latexit sha1_ base64="OC+83U7eo20EXXDknX XjPbkOCF4=">AAACAXicbVDLSgN BEJz1GeMr6tHLYBA8hd0o6DHgx WME84BkCbOznWTM7Owy0yuEJSd/ wKv+gTfx6pf4A36Hk2QPJrGgoa jqprsrSKQw6Lrfztr6xubWdmGnu Lu3f3BYOjpumjjVHBo8lrFuB8y AFAoaKFBCO9HAokBCKxjdTv3WE2 gjYvWA4wT8iA2U6AvO0ErNLg9jN L1S2a24M9BV4uWkTHLUe6Wfbhj zNAKFXDJjOp6boJ8xjYJLmBS7qY GE8REbQMdSxSIwfja7dkLPrRLS fqxtKaQz9e9ExiJjxlFgOyOGQ7P sTcX/vE6K/Rs/EypJERSfL+qnk mJMp6/TUGjgKMeWMK6FvZXyIdOM ow1oYUug2QhwUrTBeMsxrJJmte JdVqr3V+Wam0dUIKfkjFwQj1yTG rkjddIgnDySF/JK3pxn5935cD7 nrWtOPnNCFuB8/QLpgJeJ</late xit>01
<latexit sha1_ base64="WEshwTXe2PXIMLu8Mk IlXaTm0lU=">AAAB83icbVBNSwM xEJ2tX7V+VT16CS2Cp7JbBT0Wv HisYD+gXUs2zbahSTYkWaEs/Rte PCji1T/jzX9j2u5BWx8MPN6bYW ZepDgz1ve/vcLG5tb2TnG3tLd/c HhUPj5pmyTVhLZIwhPdjbChnEn assxy2lWaYhFx2okmt3O/80S1YY l8sFNFQ4FHksWMYOukvhkEj1lfa SbobFCu+jV/AbROgpxUIUdzUP7 qDxOSCiot4diYXuArG2ZYW0Y4nZ X6qaEKkwke0Z6jEgtqwmxx8wyd O2WI4kS7khYt1N8TGRbGTEXkOgW 2Y7PqzcX/vF5q45swY1KllkqyX BSnHNkEzQNAQ6YpsXzqCCaauVsR GWONiXUxlVwIwerL66RdrwWXtf r9VbVRyeMowhlU4AICuIYG3EETW kBAwTO8wpuXei/eu/exbC14+cw p/IH3+QMmV5Go</latexit>
s0N
<latexit sha1_ base64="UkcKzjAFDrV2RJXgxi bv8/JJTck=">AAAB83icbVBNSwM xEJ31s9avqkcvoUXwVHaroMeCF 09SwX5Ady3ZNG1Dk2xIskJZ+je8 eFDEq3/Gm//GtN2Dtj4YeLw3w8 y8WHFmrO9/e2vrG5tb24Wd4u7e/ sFh6ei4ZZJUE9okCU90J8aGciZ p0zLLaUdpikXMaTse38z89hPVhi XywU4UjQQeSjZgBFsnhaZ395iFS jNBp71Sxa/6c6BVEuSkAjkavdJ X2E9IKqi0hGNjuoGvbJRhbRnhdF oMU0MVJmM8pF1HJRbURNn85ik6 c0ofDRLtSlo0V39PZFgYMxGx6xT YjsyyNxP/87qpHVxHGZMqtVSSx aJBypFN0CwA1GeaEssnjmCimbsV kRHWmFgXU9GFECy/vEpatWpwUa 3dX1bq5TyOApxCGc4hgCuowy00o AkEFDzDK7x5qffivXsfi9Y1L58 5gT/wPn8AU1CRxQ==</latexit>| {z }
<latexit sha1_ base64="DeBJNoG1EyxlGB5Tm5 JlbzZ9uJk=">AAACKXiclVDLSsN AFJ34rPUVdelmsAiuSlIFXRbcu KxgH9CEMpnctEMnkzAzEUro77jx V9woKOrWH3HSZqGtG88wl8M59z JzT5ByprTjfFgrq2vrG5uVrer2z u7evn1w2FFJJim0acIT2QuIAs4 EtDXTHHqpBBIHHLrB+Lrwu/cgFU vEnZ6k4MdkKFjEKNFGGthNLxMhy EASCrmH/3Omg7wods2pOzPgZeK WpIZKtAb2ixcmNItBaMqJUn3XSb WfE6kZ5TCtepmClNAxGULfUEFi UH4+23SKT40S4iiR5gqNZ+rPiZz ESk3iwHTGRI/UoleIf3n9TEdXf s5EmmkQdP5QlHGsE1zEhkMmgWo+ MYRQycxfMR0Rk5o24VZNCO7iys uk06i75/XG7UWtics4KugYnaAz5 KJL1EQ3qIXaiKIH9IRe0Zv1aD1 b79bnvHXFKmeO0C9YX98P5KFz</ latexit>
P
(2)
U (s
0
A)
<latexit sha1_ base64="YV/fjAvnXQ0RyshYN9 /En+iCEN4=">AAACCXicbVDJSgN BEO1xjXGLevTSJAjxEmaioMeIF 48RzAJJHHo6NUljz0J3jRiGuXrx V7x4UMSrf+DNv7GzHDTxQcHjvS qq6nmxFBpt+9taWl5ZXVvPbeQ3t 7Z3dgt7+00dJYpDg0cyUm2PaZA ihAYKlNCOFbDAk9Dy7i7HfuselB ZReIOjGHoBG4TCF5yhkdwCrbuN2 7RcPc7KXYQH9PxUZ+7FbdqNlQg gO3YLJbtiT0AXiTMjJTJD3S18df sRTwIIkUumdcexY+ylTKHgErJ8 N9EQM37HBtAxNGQB6F46+SSjR0b pUz9SpkKkE/X3RMoCrUeBZzoDh kM9743F/7xOgv55LxVhnCCEfLrI TyTFiI5joX2hgKMcGcK4EuZWyo dMMY4mvLwJwZl/eZE0qxXnpFK9P i3VirM4cuSQFEmZOOSM1MgVqZM G4eSRPJNX8mY9WS/Wu/UxbV2yZj MH5A+szx/o6pnA</latexit>
P
(1)
U (sA)
<latexi t sha1_base64 ="9bKDBJ2lgVM3 Xwwc1hUwDap4W JQ=">AAACAHic bVDLSsNAFJ34r PUVdeHCzdAitJu SVEGXFTcuK9gH tDFMppN26OTBz I1YQjb+ihsXirj 1M9z5N07bLLT1 wIXDOfdy7z1eL LgCy/o2VlbX1j c2C1vF7Z3dvX3z 4LCtokRS1qKRi GTXI4oJHrIWcB CsG0tGAk+wjje +nvqdByYVj8I7m MTMCcgw5D6nBL TkmsdNt3WfVux qVukDewTPT1Xm XlVds2zVrBnwMr FzUkY5mq751R9 ENAlYCFQQpXq2 FYOTEgmcCpYV+4 liMaFjMmQ9TUM SMOWkswcyfKqV AfYjqSsEPFN/T 6QkUGoSeLozIDB Si95U/M/rJeBf OikP4wRYSOeL/ ERgiPA0DTzgkl EQE00IlVzfiumI SEJBZ1bUIdiLL y+Tdr1mn9Xqt+ flRimPo4BOUAl VkI0uUAPdoCZqI Yoy9Ixe0ZvxZL wY78bHvHXFyGe O0B8Ynz93y5WW< /latexit>
Tr[ 22,
<latexit sha1_ base64="6damNgmEL/YG5XAElX B/oVunBjo=">AAACAHicbVDLSsN AFJ3UV62vqAsXbkKL4EJKEgVdV ty4rNAXNDFMppN26OTBzI1YQjb+ ihsXirj1M9z5N07bLLT1wIXDOf dy7z1+wpkE0/zWSiura+sb5c3K1 vbO7p6+f9CRcSoIbZOYx6LnY0k 5i2gbGHDaSwTFoc9p1x/fTP3uAx WSxVELJgl1QzyMWMAIBiV5+pED9 BGylsj7jhjFXmafXef3tuvpNbN uzmAsE6sgNVSg6elfziAmaUgjIB xL2bfMBNwMC2CE07zipJImmIzx kPYVjXBIpZvNHsiNE6UMjCAWqiI wZurviQyHUk5CX3WGGEZy0ZuK/ 3n9FIIrN2NRkgKNyHxRkHIDYmOa hjFgghLgE0UwEUzdapARFpiAyq yiQrAWX14mHbtundftu4tao1rEU UbHqIpOkYUuUQPdoiZqI4Jy9Ix e0Zv2pL1o79rHvLWkFTOH6A+0zx 98ApY3</latexit>
Tr[⇢21, ]
<latexi t sha1_base64 ="vVwzPRy4BtE2 dfEyq1RAQFrzp Bw=">AAACAHic bVDLSsNAFJ3UV 62vqAsXbkKL4EJ KUgVdVty4rNAX JDFMppN26OTBz I1YQjb+ihsXirj 1M9z5N07bLLT1 wIXDOfdy7z1+w pkE0/zWSiura+ sb5c3K1vbO7p6+ f9CVcSoI7ZCYx 6LvY0k5i2gHGH DaTwTFoc9pzx/ fTP3eAxWSxVEbJ gl1QzyMWMAIBi V5+pED9BGytsh tR4xiL7POrvP7 huvpNbNuzmAsE6 sgNVSg5elfziA maUgjIBxLaVtm Am6GBTDCaV5xUk kTTMZ4SG1FIxx S6WazB3LjRCkD I4iFqgiMmfp7I sOhlJPQV50hhpF c9Kbif56dQnDl ZixKUqARmS8KU m5AbEzTMAZMUA J8oggmgqlbDTLC AhNQmVVUCNbiy 8uk26hb5/XG3U WtWS3iKKNjVEW nyEKXqIluUQt1E EE5ekav6E170l 60d+1j3lrSipl D9Afa5w96eJY2< /latexit>
1, ⇢2,A]
<latexit sha1_ base64="DK+drgMFcxZ3J2y9G9 KmWhpi5qs=">AAACCXicbZDLSsN AFIYn9VbrLerSzWARXEhJqqDLi huXFXqDJITJdNIOnVyYORFL6NaN r+LGhSJufQN3vo3TNgtt/WHg4z /ncOb8QSq4Asv6Nkorq2vrG+XNy tb2zu6euX/QUUkmKWvTRCSyFxD FBI9ZGzgI1kslI1EgWDcY3Uzr3X smFU/iFoxT5kVkEPOQUwLa8k3sA nuAvCUnjiuHiZ/bZ9cTPMe6Rs8 3q1bNmgkvg11AFRVq+uaX209oFr EYqCBKObaVgpcTCZwKNqm4mWIp oSMyYI7GmERMefnskgk+0U4fh4n ULwY8c39P5CRSahwFujMiMFSLt an5X83JILzych6nGbCYzheFmcCQ 4GksuM8loyDGGgiVXP8V0yGRhI IOr6JDsBdPXoZOvWaf1+p3F9XGc RFHGR2hY3SKbHSJGugWNVEbUfS IntErejOejBfj3fiYt5aMYuYQ/Z Hx+QPyopm7</latexit>
Random Uni aries
<latexi t sha1_base64 ="FBo1mo9gLb+L gKJmTBCecY+Zn Rw=">AAAB+Xic bVBNS8NAEN3Ur 1q/oh69LC2Cp5L Ugx4LXjxWMW2h DWWzmbRLdzdhd 1Moof/EiwdFvPp PvPlv3H4ctPXB wOO9GWbmRRln2 njet1Pa2t7Z3S vvVw4Oj45P3NOz tk5zRSGgKU9VN yIaOJMQGGY4dD MFREQcOtH4bu5 3JqA0S+WTmWYQC jKULGGUGCsNXP eRyDgVOJDMEMV AD9yaV/cWwJvE X5EaWqE1cL/6cU pzAdJQTrTu+V5 mwoIowyiHWaWf a8gIHZMh9CyVRI AOi8XlM3xplRg nqbIlDV6ovycK IrSeish2CmJGe t2bi/95vdwkt2H BZJYbkHS5KMk5 Nimex4BjpoAaP rWEUMXsrZiOiC LU2LAqNgR//eVN 0m7U/et646FRa 1ZXcZTRBaqiK+ SjG9RE96iFAkT RBD2jV/TmFM6L8 +58LFtLzmrmHP 2B8/kDX2+TYg= =</latexit>
· · ·<latexi t sha1_base64 ="OC+83U7eo20E XXDknXXjPbkOC F4=">AAACAXic bVDLSgNBEJz1G eMr6tHLYBA8hd0 o6DHgxWME84Bk CbOznWTM7Owy0 yuEJSd/wKv+gTf x6pf4A36Hk2QP JrGgoajqprsrS KQw6Lrfztr6xu bWdmGnuLu3f3BY OjpumjjVHBo8l rFuB8yAFAoaKF BCO9HAokBCKxj dTv3WE2gjYvWA4 wT8iA2U6AvO0E rNLg9jNL1S2a2 4M9BV4uWkTHLU e6WfbhjzNAKFXD JjOp6boJ8xjYJ LmBS7qYGE8REb QMdSxSIwfja7dk LPrRLSfqxtKaQ z9e9ExiJjxlFg OyOGQ7PsTcX/v E6K/Rs/EypJERS fL+qnkmJMp6/T UGjgKMeWMK6Fv ZXyIdOMow1oYU ug2QhwUrTBeMsx rJJmteJdVqr3V +Wam0dUIKfkjF wQj1yTGrkjddI gnDySF/JK3pxn5 935cD7nrWtOPn NCFuB8/QLpgJe J</latexit>U1
<latexi t sha1_base64 ="It7qJMAI+rQD 4Cy05t25ZmW/W Jg=">AAAB6nic bVBNS8NAEJ3Ur 1q/qh69LC2Cp5J UQY8FLx4rmrbQ hrLZTtqlm03Y3 Qgl9Cd48aCIV3+ RN/+N24+Dtj4Y eLw3w8y8MBVcG 9f9dgobm1vbO8 Xd0t7+weFR+fik pZNMMfRZIhLVC alGwSX6hhuBnV QhjUOB7XB8O/P bT6g0T+SjmaQYx HQoecQZNVZ68P tev1x1a+4cZJ1 4S1KFJZr98ldv kLAsRmmYoFp3PT c1QU6V4UzgtNT LNKaUjekQu5ZK GqMO8vmpU3JulQ GJEmVLGjJXf0/ kNNZ6Eoe2M6Zm pFe9mfif181Md BPkXKaZQckWi6J MEJOQ2d9kwBUy IyaWUKa4vZWwE VWUGZtOyYbgrb 68Tlr1mndZq99f VRuVZRxFOIMKX IAH19CAO2iCDw yG8Ayv8OYI58V 5dz4WrQVnOXMKf +B8/gDN/Y1h</ latexit>
UN
<latexit sha1_ base64="p39Q6UQDu5PDFN20AG Yw7d6VsXM=">AAAB6nicbVBNS8N AEJ34WetX1aOXpUXwVJIq6LHgx ZNUNG2hDWWz3bRLN5uwOxFK6U/w 4kERr/4ib/4bt20O2vpg4PHeDD PzwlQKg6777aytb2xubRd2irt7+ weHpaPjpkkyzbjPEpnodkgNl0J xHwVK3k41p3EoeSsc3cz81hPXRi TqEccpD2I6UCISjKKVHvzeXa9Uc avuHGSVeDmpQI5Gr/TV7Scsi7l CJqkxHc9NMZhQjYJJPi12M8NTyk Z0wDuWKhpzE0zmp07JmVX6JEq0 LYVkrv6emNDYmHEc2s6Y4tAsezP xP6+TYXQdTIRKM+SKLRZFmSSYk NnfpC80ZyjHllCmhb2VsCHVlKFN p2hD8JZfXiXNWtW7qNbuLyv1ch 5HAU6hDOfgwRXU4RYa4AODATzDK 7w50nlx3p2PReuak8+cwB84nz/ 58Y1+</latexit>
{
<latexi t sha1_base64 ="bmEd6YDzBSvn KCR31rmioo78G i8=">AAAB6Xic bVA9SwNBEJ2LX zF+RS1tFoNgIeE uKbQM2FhGMR+Q HGFvs5cs2ds7d ueEcOQf2FgoYus /svPfuEmu0MQH A4/3ZpiZFyRSG HTdb6ewsbm1vV PcLe3tHxwelY9P 2iZONeMtFstYd wNquBSKt1Cg5N 1EcxoFkneCye3 c7zxxbUSsHnGac D+iIyVCwSha6a GfDcoVt+ouQNa Jl5MK5GgOyl/9 YczSiCtkkhrT89 wE/YxqFEzyWam fGp5QNqEj3rNU 0YgbP1tcOiMXVh mSMNa2FJKF+ns io5Ex0yiwnRHF sVn15uJ/Xi/F8 MbPhEpS5IotF4W pJBiT+dtkKDRn KKeWUKaFvZWwM dWUoQ2nZEPwVl 9eJ+1a1atXa/e1 SuMqj6MIZ3AOl +DBNTTgDprQAg YhPMMrvDkT58V 5dz6WrQUnnzmFP 3A+fwCVlI1R</ latexit>
{
<latexit sha1_base64="bmEd6YDzBSvnKCR31rmioo78Gi8=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgIeEuKbQM2FhGMR+QHGFvs5cs2ds7dueEcOQf2FgoYus/svPfuEmu0MQHA4/3ZpiZFyRSGHTdb6ewsbm1vVPcLe3tHxwelY9P2iZONeMtFstYdwNquBSKt1Cg5N1EcxoFkneCye3c7zxxbUSsHnGacD+iIyVCwSha6aGfDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1tcOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+dtkKDRnKKeWUKaFvZWwMdWUoQ2nZEPwVl9eJ+1a1atXa/e1SuMqj6MIZ3AOl+DBNTTgDprQAgYhPMMrvDkT58V5dz6WrQUnnzmFP3A+fwCVlI1R</latexit>
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(b)
<lat exit s ha1_bas e64="dx cv4ypJ 4rdKknx fYHhbAX D3GwU= ">AAAB+ XicbVDL SgMxFL 1TX7W+R l26CRa lbspMFX RZcOOyg n1AO5R MJtOGZj JDkimUo X/ixoU ibv0Td/ 6NmXYW 2nog5HD OveTk+A lnSjvO t1Xa2Nz a3invVv b2Dw6P 7OOTjop TSWibxD yWPR8r ypmgbc0 0p71EU hz5nHb9 yX3ud6d UKhaLJ z1LqBfh kWAhI1g baWjbA z/mgZpF 5spq/tV 8aFedu rMAWidu QapQoD W0vwZBT NKICk04 VqrvOo n2Miw1I 5zOK4NU 0QSTCR 7RvqECR 1R52SL 5HF0YJU BhLM0RG i3U3xs ZjlQezk xGWI/Vq peL/3n 9VId3Xs ZEkmoqy PKhMOV IxyivAQ VMUqL5 zBBMJDN ZERljiY k2ZVVM Ce7ql9d Jp1F3r+ uNx5tq 87Koowx ncA41cO EWmvAA LWgDgSk 8wyu8W Zn1Yr1b H8vRklX snMIfW J8/coST cQ==</l atexit >
(a)
<lat exit s ha1_bas e64="Rn oPE+wx NRPwtyb PLyMMqr /iDyw= ">AAAB+ XicbVDL SgMxFL 1TX7W+R l26CRa lbspMFX RZcOOyg n1AO5R MJtOGZj JDkimUo X/ixoU ibv0Td/ 6NmXYW 2nog5HD OveTk+A lnSjvO t1Xa2Nz a3invVv b2Dw6P 7OOTjop TSWibxD yWPR8r ypmgbc0 0p71EU hz5nHb9 yX3ud6d UKhaLJ z1LqBfh kWAhI1g baWjbA z/mgZpF 5spq+Go +tKtO3 VkArRO3 IFUo0B raX4MgJ mlEhSYc K9V3nU R7GZaaE U7nlUGq aILJBI 9o31CBI 6q8bJF 8ji6MEq AwluYIj Rbq740 MRyoPZy YjrMdq1 cvF/7x +qsM7L2 MiSTUVZ PlQmHK kY5TXgA ImKdF8 Zggmkpm siIyxxE Sbsiqm BHf1y+u k06i71/ XG4021 eVnUUYY zOIcauH ALTXiA FrSBwBS e4RXer Mx6sd6t j+VoySp 2TuEPr M8fcP6T cA==</l atexit >
(c)
<latexit sha1_ base64="gqQJcQLfrchtMJG7Ek tQJkrgKFg=">AAAB+XicbVDLSgM xFL1TX7W+Rl26CRalbspMFXRZc OOygn1AO5RMJtOGZjJDkimUoX/i xoUibv0Td/6NmXYW2nog5HDOve Tk+AlnSjvOt1Xa2Nza3invVvb2D w6P7OOTjopTSWibxDyWPR8rypm gbc00p71EUhz5nHb9yX3ud6dUKh aLJz1LqBfhkWAhI1gbaWjbAz/mg ZpF5spq5Go+tKtO3VkArRO3IFU o0BraX4MgJmlEhSYcK9V3nUR7GZ aaEU7nlUGqaILJBI9o31CBI6q8 bJF8ji6MEqAwluYIjRbq740MRyo PZyYjrMdq1cvF/7x+qsM7L2MiS TUVZPlQmHKkY5TXgAImKdF8Zggm kpmsiIyxxESbsiqmBHf1y+uk06 i71/XG4021eVnUUYYzOIcauHALT XiAFrSBwBSe4RXerMx6sd6tj+V oySp2TuEPrM8fdAqTcg==</late xit>
z
<latexit sha1_base64="/bF+n drEvOjT095Oy8HVjhDPT3A=">AAAB6HicbVDLTgJBEOzFF+IL9ehl AjHxRHbRRI8kXjxCIo8ENmR26IWR2dnNzKwJEr7AiweN8eonefNvH GAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYt hksYhVJ6AaBZfYNNwI7CQKaRQIbAfj27nffkSleSzvzSRBP6JDyUP OqLFS46lfLLsVdwGyTryMlCFDvV/86g1ilkYoDRNU667nJsafUmU4 Ezgr9FKNCWVjOsSupZJGqP3p4tAZObfKgISxsiUNWai/J6Y00noSB bYzomakV725+J/XTU1440+5TFKDki0XhakgJibzr8mAK2RGTCyhTH F7K2EjqigzNpuCDcFbfXmdtKoV77JSbVyVa6UsjjycQQkuwINrqMEd 1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/AODvjOI=</latexit >
UNA
<latexit sha1_base64="kC Iq3NrndOLAu3gjBBOqNbVYtF0=">AAAB9HicbVBNS8NAEJ3 4WetX1aOX1SJ4KkkV9Fjx4kkqmLbQhrLZbtqlm03c3RRKyO/ w4kERr/4Yb/4bN20O2vpghsd7M+zs82POlLbtb2tldW19Y7 O0Vd7e2d3brxwctlSUSEJdEvFIdnysKGeCupppTjuxpDj0O W3749vcb0+oVCwSj3oaUy/EQ8ECRrA2kuf2097Jfd5usqxf qdo1ewa0TJyCVKFAs1/56g0ikoRUaMKxUl3HjrWXYqkZ4TQr 9xJFY0zGeEi7hgocUuWls6MzdGaUAQoiaUpoNFN/b6Q4VGo a+mYyxHqkFr1c/M/rJjq49lIm4kRTQeYPBQlHOkJ5AmjAJC WaTw3BRDJzKyIjLDHRJqeyCcFZ/PIyadVrzkWt/nBZbaAij hIcwymcgwNX0IA7aIILBJ7gGV7hzZpYL9a79TEfXbGKnSP4A +vzB+IBkWo=</latexit>
Tr[⇢21,A1 ]
<latexit sha1_base64="2V qj7ZoUSJVrwCFIp+WGENZJkC8=">AAACAnicbVDLSsNAFJ3 4rPUVdSVuQovgQkpSBV1W3Lis0BckMUymk3bo5MHMjVhCcOO vuHGhiFu/wp1/47TNQlsPXDiccy/33uMnnEkwzW9taXlldW 29tFHe3Nre2dX39jsyTgWhbRLzWPR8LClnEW0DA057iaA49 Dnt+qPrid+9p0KyOGrBOKFuiAcRCxjBoCRPP3SAPkDWErnt iGHsZdbplWfld3XX06tmzZzCWCRWQaqoQNPTv5x+TNKQRkA4 ltK2zATcDAtghNO87KSSJpiM8IDaikY4pNLNpi/kxrFS+kY QC1URGFP190SGQynHoa86QwxDOe9NxP88O4Xg0s1YlKRAIz JbFKTcgNiY5GH0maAE+FgRTARTtxpkiAUmoFIrqxCs+ZcXS ades85q9dvzaqNSxFFCR6iCTpCFLlAD3aAmaiOCHtEzekVv2 pP2or1rH7PWJa2YOUB/oH3+ALB0lto=</latexit>
A1
<latexit sha1_base64="Ku PrkUeAUmZe/ILJ9O4PJsyAXQk=">AAAB6nicdVDLSsNAFL3 xWeur6tLN0CK4CklbbLqruHFZ0T6gDWUynbRDJ5MwMxFK6Ce 4caGIW7/InX/j9CGo6IELh3Pu5d57goQzpR3nw1pb39jc2s 7t5Hf39g8OC0fHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKO O0Ek6u537mnUrFY3OlpQv0IjwQLGcHaSLeXA3dQKDl2+cJx vDIyxKt69SWpVWp15NrOAiVYoTkovPeHMUkjKjThWKme6yTa z7DUjHA6y/dTRRNMJnhEe4YKHFHlZ4tTZ+jMKEMUxtKU0Gi hfp/IcKTUNApMZ4T1WP325uJfXi/VoednTCSppoIsF4UpRz pG87/RkElKNJ8agolk5lZExlhiok06eRPC16fof9Iu227FL t9US43iKo4cnEIRzsGFGjTgGprQAgIjeIAneLa49Wi9WK/L1 jVrNXMCP2C9fQIsx42k</latexit>
A2
<latexit sha1_base64="rQ 5cLmEVHuJZakg/Ftx310J55HE=">AAAB6nicdVDLSsNAFL3 xWeur6tLN0CK4CklabLqruHFZ0T6gDWUynbZDJ5MwMxFK6Ce 4caGIW7/InX/j9CGo6IELh3Pu5d57woQzpR3nw1pb39jc2s 7t5Hf39g8OC0fHLRWnktAmiXksOyFWlDNBm5ppTjuJpDgKO W2Hk6u5376nUrFY3OlpQoMIjwQbMoK1kW4v+16/UHJs78Jx fA8Z4lf82pJUy9Uacm1ngRKs0OgX3nuDmKQRFZpwrFTXdRId ZFhqRjid5XupogkmEzyiXUMFjqgKssWpM3RmlAEaxtKU0Gi hfp/IcKTUNApNZ4T1WP325uJfXjfVQz/ImEhSTQVZLhqmHO kYzf9GAyYp0XxqCCaSmVsRGWOJiTbp5E0IX5+i/0nLs92y7 d1USvXiKo4cnEIRzsGFKtThGhrQBAIjeIAneLa49Wi9WK/L1 jVrNXMCP2C9fQIuS42l</latexit>
Platform S1
<latexit sha1_base64="sK ubAvqIyKb+otRHllefuHUNXXU=">AAACAXicbVDLSsNAFL2 pr1pfUTeCm6Gt4KokdaHLghuXFe0D2hAm02k7dCYJMxOhhLr xV9y4UMStf+HOv3HSZqGtBwYO59zLnHuCmDOlHefbKqytb2 xuFbdLO7t7+wf24VFbRYkktEUiHslugBXlLKQtzTSn3VhSL AJOO8HkOvM7D1QqFoX3ehpTT+BRyIaMYG0k3z5pcqyHkRSo 2hdYjwnm6d3Md6u+XXFqzhxolbg5qUCOpm9/9QcRSQQNNeFY qZ7rxNpLsdSMcDor9RNFY0wmeER7hoZYUOWl8wtm6MwoA2R ymBdqNFd/b6RYKDUVgZnMUqplLxP/83qJHl55KQvjRNOQLD 4aJhzpCGV1oAGTlGg+NQQTyUxWRMZYYqJNaSVTgrt88ipp1 2vuRa1+W680ynkdRTiFMpyDC5fQgBtoQgsIPMIzvMKb9WS9W O/Wx2K0YOU7x/AH1ucPmzqWOw==</latexit>
Platform S2
<latexit sha1_base64="gI EsOgQb5VFokPpNmYXmrVUPmGw=">AAACAXicbVC7TsMwFHX Kq5RXgAWJxWqLxFQlYYCxEgtjEfQhtVHkuE5r1XYi20GqorL wKywMIMTKX7DxNzhtBmg5kqWjc+6Vzz1hwqjSjvNtldbWNz a3ytuVnd29/QP78Kij4lRi0sYxi2UvRIowKkhbU81IL5EE8 ZCRbji5zv3uA5GKxuJeTxPiczQSNKIYaSMF9kmLIR3FksP6 gCM9xohld7PAqwd2zWk4c8BV4hakBgq0AvtrMIxxyonQmCGl +q6TaD9DUlPMyKwySBVJEJ6gEekbKhAnys/mF8zgmVGG0OQ wT2g4V39vZIgrNeWhmcxTqmUvF//z+qmOrvyMiiTVRODFR1 HKoI5hXgccUkmwZlNDEJbUZIV4jCTC2pRWMSW4yyevko7Xc C8a3q1Xa1aLOsrgFFTBOXDBJWiCG9ACbYDBI3gGr+DNerJer HfrYzFasoqdY/AH1ucPnL+WPA==</latexit>
Tr[⇢22,A2 ]
<latexit sha1_base64="sZ +trxae0Q0BqLmt2ffPNUo3rCU=">AAACAnicbVDLSsNAFJ3 4rPUVdSVuQovgQkoSBV1W3Lis0BckMUym03bo5MHMjVhCcOO vuHGhiFu/wp1/47TNQlsPXDiccy/33hMknEkwzW9taXlldW 29tFHe3Nre2dX39tsyTgWhLRLzWHQDLClnEW0BA067iaA4D DjtBKPrid+5p0KyOGrCOKFeiAcR6zOCQUm+fugCfYCsKXLH FcPYz+zTK9/O72zP16tmzZzCWCRWQaqoQMPXv9xeTNKQRkA4 ltKxzAS8DAtghNO87KaSJpiM8IA6ikY4pNLLpi/kxrFSekY /FqoiMKbq74kMh1KOw0B1hhiGct6biP95Tgr9Sy9jUZICjc hsUT/lBsTGJA+jxwQlwMeKYCKYutUgQywwAZVaWYVgzb+8S Np2zTqr2bfn1XqliKOEjlAFnSALXaA6ukEN1EIEPaJn9Iret CftRXvXPmatS1oxc4D+QPv8AbOIltw=</latexit>
Tr[⇢1,A1⇢2,A2 ]
<latexit sha1_base64="f7 FaqkxGL9JyrBe27yBdag/LTuw=">AAACDHicbZDLSsNAFIY n9VbrrerSzWARXEhJqqDLihuXFXqDJITJdNIOnVyYORFLyAO 48VXcuFDErQ/gzrdx2mahrT8MfPznHM6c308EV2Ca30ZpZX VtfaO8Wdna3tndq+4fdFWcSso6NBax7PtEMcEj1gEOgvUTy UjoC9bzxzfTeu+eScXjqA2ThLkhGUY84JSAtrxqzQH2AFlb 5rYjR7GXWWfXnpXPuaG5kbu6y6ybM+FlsAqooUItr/rlDGKa hiwCKohStmUm4GZEAqeC5RUnVSwhdEyGzNYYkZApN5sdk+M T7QxwEEv9IsAz9/dERkKlJqGvO0MCI7VYm5r/1ewUgis341 GSAovofFGQCgwxniaDB1wyCmKigVDJ9V8xHRFJKOj8KjoEa /HkZeg26tZ5vXF3UWseF3GU0RE6RqfIQpeoiW5RC3UQRY/oG b2iN+PJeDHejY95a8koZg7RHxmfPw06mto=</latexit>
FIG. 1. Cross-platform verification with randomized mea-
surements. We present a protocol to measure the fidelity
Fmax(ρ1,A1 , ρ2,A2) of two (reduced) quantum states ρi,Ai =
TrSi\Ai [ρi] (i = 1, 2): On two platforms S1 and S2, the
quantum states ρ1 and ρ2 are prepared with quantum op-
erations U1 and U2, respectively. Randomized measurements
are performed on both platforms in (sub-)systems A1 ⊆ S1
and A2 ⊆ S2 of size NA, implemented with the same lo-
cal random unitaries U1 ⊗ · · · ⊗ UNA which are shared via
classical communication (red arrows). From statistical cross-
(auto-) correlations of outcome probabilities P (i)U (sA) (i =
1, 2) the overlap Tr [ρ1,A1ρ2,A2 ] (the purities Tr
[
ρ2i,Ai
]
) and
thus Fmax(ρ1,A1 , ρ2,A2) are inferred (see text).
fidelity Fmax from statistical correlations between ran-
domized measurements performed on the first and second
device (see Fig. 1). While in previous work we obtained
Rényi (entanglement) entropies, or purities, of reduced
density matrices Tr
[
ρ21,2
]
, for single systems from ran-
domized measurements [14–16] [see the denominator of
Eq. (1)], we are here interested in measuring the overlap
between density operators of device 1 and 2 from such
protocols [see numerator of Eq. (1)]. In principle, Fmax
can be determined from full quantum state tomography
(QST) of systems 1 and 2 [9, 17–21]. However, due to
the exponential scaling with the (sub-)system size [18],
this approach is limited to only a few degrees of freedom
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2[17]. Alternative efficient tomographic methods require
a specific structure, or a priori knowledge of the system
of interest [9, 20–22]. In contrast, as demonstrated be-
low, the present protocol scales, although exponentially,
much more favorably with the (sub-)system size, allow-
ing practical cross-platform verification for (sub-)systems
involving tens of qubits on state-of-the-art quantum de-
vices [23].
In the following, we first describe the protocol, followed
by an analysis of statistical errors and the required num-
ber of experimental runs. Using the data taken in con-
text of Ref. [24], we demonstrate, as a proof-of-principle,
the measurement of experiment-theory fidelities of quan-
tum states of 10 qubits prepared via quench dynamics
on a trapped ion quantum simulator. Finally, we present
experiment-experiment fidelities of quantum states pre-
pared sequentially on the same experimental platform.
Protocol – As illustrated in Fig. 1, we consider two
quantum devices consisting of N1 and N2 spins (d-level
systems) realized on different physical platforms S1 and
S2, and prepared with quantum operations U1 and U2
in quantum states ρ1 and ρ2, respectively. We denote
the reduced density matrices as ρi,Ai = TrSi\Ai(ρi) for
(sub-) systems Ai ⊆ Si (i = 1, 2) of identical size NA1 =
NA2 ≡ NA. The associated Hilbert space dimension is
DA = d
NA .
We apply first to both ρ1,A1 and ρ2,A2 the same ran-
dom unitary UA =
⊗NA
k=1 Uk, defined as a product of local
random unitaries Uk acting on spins k = 1, . . . , NA (see
Fig. 1). Here, the Uk are sampled independently from
a unitary 2-design [25, 26] defined on the local Hilbert
space Cd and sent via classical communication to both de-
vices (red arrows in Fig. 1). We now perform for the first
and second system projective measurements in a stan-
dard (computational) basis |sA〉 ≡ |s1, . . . , sNA〉. Here,
sA denotes a string of possible measurement outcomes
for spins k = 1, . . . , NA. Repeating these measurements
for fixed UA provides us with estimates of the probabil-
ities P (i)U (sA) = TrAi [UA ρi,Ai U
†
A |sA〉 〈sA|] for i = 1, 2
(see Fig. 1). In a second step, this procedure is repeated
for many different random unitaries UA.
Finally, we estimate the density matrix overlap
Tr [ρ1,A1ρ2,A2 ] from second-order cross-correlations be-
tween the two platforms via
Tr
[
ρi,Aiρj,Aj
]
=dNA
∑
sA,s′A
(−d)−D[sA,s′A] P (i)U (sA)P (j)U (s′A).
(2)
with i = 1, j = 2. This is proven in the supplemen-
tary materials [27], Appendix A, thus generalizing [16]
to cross-platform settings. Here, . . . denotes the ensem-
ble average over random unitaries of the form UA. The
Hamming distance D[sA, s′A] between two strings sA and
s′A is defined as the number of spins where sk 6= s′k,
i.e. D[sA, sA′] ≡ # {k ∈ {1, . . . , NA} | sk 6= s′k}. The pu-
rities Tr
[
ρ21,A1
]
and Tr
[
ρ22,A2
]
for the first and second
subsystem are obtained by setting in Eq. (2) i = j = 1
and i = j = 2, respectively, i.e. as second-order auto-
correlations of the probabilities P (i)U (sA) and P
(i)
U (s
′
A)
[16, 24].
We emphasize that the above protocol to measure the
fidelity of the two quantum states ρ1,A and ρ2,A, requires
only classical communication of random unitaries and
measurement outcomes between the two platforms, with
the experiments possibly taking place at very different
points in time and space. In its present form, the protocol
requires, or assumes no prior knowledge of the quantum
states. These states can be mixed states, and refer to
subsystems, allowing in particular a comparison of sub-
system fidelities for various sizes. We note that our pro-
tocol can be used to perform fidelity estimation towards
known target theoretical states, as an experiment-theory
comparison (see below). In this setting, and when the
‘theory state’ is pure, direct fidelity estimation protocols
have been developed [7, 8], that can be more efficient for
certain well-conditioned states, which are supported on
a small number of multi-qubit Pauli operators.
Scaling of the required number of experimental runs –
In practice, a statistical error of the estimated fidelity
arises from a finite number of projective measurements
NM performed per random unitary and a finite number
NU of random unitaries used to infer overlap and purities
via Eq. (2). Experimentally relevant is, therefore, the
scaling of the total number of experimental runs NMNU
(the measurement budget), which are required to reduce
this statistical error below a fixed value , for NA qubits.
In addition, there is the optimal allocation of resources,
NU and NM , for a given measurement budget NMNU .
In Fig. 2 we present numerical results for the av-
erage statistical error as a function of NM and NU ,
and infer the scaling of the measurement budget with
(sub-)system size NA. For simplicity, we assume that the
target fidelity Fmax(ρ1,A1 , ρ2,A2) for the two states ρ1,A1
and ρ2,A2 is known and analyze the scaling of the sta-
tistical error | [Fmax(ρ1,A1 , ρ2,A2)]e − Fmax(ρ1,A1 , ρ2,A2)|
of an estimated fidelity [Fmax(ρ1,A1 , ρ2,A2)]e. Focus-
ing on experimentally relevant system sizes, we simu-
late experiments by applying NU random unitaries to
ρ1,A1 and ρ2,A2 and sample independently NM pro-
jective measurements from each state. We then in-
fer an estimation [Fmax(ρ1,A1 , ρ2,A2)]e of the fidelity
Fmax(ρ1,A1 , ρ2,A2) using Eq. (2), and calculate - from
many of these numerical experiments - the average sta-
tistical error |[Fmax(ρ1,A1 , ρ2,A2)]e − Fmax(ρ1,A1 , ρ2,A2)|.
In Fig. 2 we concentrate on the case where the quantum
states ρ1,A1 = ρ2,A2 = ρA on the two platforms are iden-
tical, i.e. the exact fidelity equals Fmax(ρA, ρA) = 1 (for
the general case see Appendix C [27]).
In Fig. 2(a,b), the average statistical error
|[Fmax(ρA, ρA)]e − 1| is shown as a function of NM
for a system of NA = 8 qubits (d = 2) and various
NU and for two very different types of states ρA: (a)
pure product states (PP) and (b) pure (entangled)
Haar random states (PR). Our numerical analysis
shows that, in the regime NM . DA and NU  1,
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FIG. 2. Scaling of the required number of measurements. (a,b)
Average statistical error |(Fmax(ρA, ρA))e − 1| as a function
of the number of measurements NM per random unitary for
various NU (darkness of colors). The state ρA of NA = 8
qubits (d = 2) is taken to be (a) a pure product state (PP) and
(b) a pure Haar random state (PR). Black lines are guides for
the eye ∼ 1/(NM
√
NU ). (c) Scaling of the minimal number
of required measurements NM to estimate (Fmax(ρA, ρA))e
up to a fixed statistical error of 0.05 as a function of the
number of qubits NA, for fixed NU = 100. The mixed random
states (MR) are obtained from tracing out 3 qubits from Haar
random states of NA + 3 qubits.
|[Fmax(ρA, ρA)]e − 1| ∼ 1/(NM
√
NU ). For unit target
fidelity, the optimal allocation of the total measurement
budget NUNM is thus to keep NU small and fixed [28].
Fixing NU = 100, we display in Fig. 2(c) the scaling of
the number of projective measurements NM per unitary
required to determine the fidelity Fmax(ρA, ρA) up to an
average statistical error |[Fmax(ρA, ρA)]e − 1| ≤  below
 = 0.05. We find a scaling NM ∼ 2bNA with b = 0.8±0.1
for PP and b = 0.6±0.1 for PR states, which persists for
tested  = 0.02, . . . , 0.2. The fidelity estimation of PR
(entangled) states is thus less prone to statistical errors
which we attribute to the fact that fluctuations across
random unitaries are reduced due the mixedness of the
subsystems. A similar scaling, with larger prefactor, is
found for a mixed random state (MR), obtained from
tracing out 3 qubits of a random state of NA + 3 qubits.
This is directly related to the smaller overall magnitude
of numerator and denominator of the fidelity for mixed
states [see Eq. (1)].
We note that the optimal allocation of NU vs. NM
for given NUNM depends on the quantum states, in par-
ticular their fidelity and the allowed statistical error ,
and is thus a priori not known. In practice, an itera-
tive procedure can be applied in which the allocation of
measurement resources NU vs. NM is step-wise inferred
from newly acquired data. To this end, the expected re-
ductions of the standard error of the estimated fidelity
are calculated, upon increasing either NU or NM , using
resampling techniques (see Appendix C [27]). Accord-
ingly, NU and NM are updated iteratively to maximize
the expected decrease of statistical uncertainty, until a
predefined value of the estimated error is reached.
In summary, we find that the presented protocol re-
quires a total number of experimental runs NUNM ∼
2bNA with b . 1 which is, despite being exponential, sig-
nificantly less than full QST with exponents b ≥ 2 [18].
For instance, QST via compressed sensing [18, 19] would
require at least O(22NA) ∼ 106 experimental runs for a
pure 10-qubit state, whereas for our protocol 104 (PR)
to 105 (PP) experimental runs would be sufficient to ob-
tain a fidelity estimation up to a statistical uncertainty
of 0.05.
Fidelity estimation with trapped ions – In the follow-
ing, we present, as proof-of-principle, the measurement of
experiment-theory fidelities and experiment-experiment
fidelities of highly-entangled quantum states prepared via
quench dynamics in a trapped ion quantum simulator. To
this end, we use data presented in Ref. [24]. Here, the en-
tanglement generation after a quantum quench with the
XY -Hamiltonian
HXY = ~
∑
i<j
Jij(σ
+
i σ
−
j + σ
−
i σ
+
j ) + ~B
∑
i
σzi (3)
was experimentally monitored, with σzi the third spin-
1/2 Pauli operator, σ+i (σ
−
i ) the spin-raising (lowering)
operators acting on spin i, and Jij ≈ J0/|i− j|α the
coupling matrix with an approximate power-law decay
α ≈ 1.24 and J0 = 420s−1. The initial Néel-state,
ρE(0) ≈ |ψ〉〈ψ| with |ψ〉 = |0, 1, 0, . . . , 1〉 for N = 10 ions,
was time-evolved under HXY into the state ρE(t). Subse-
quently, randomized measurements were performed and,
from statistical auto-correlations of the outcome proba-
bilities P (E)U (sA), purity and second-order Rényi entropy
of ρE(t) (and of density matrices of arbitrary subsys-
tems), were inferred. In total, NU = 500 random uni-
taries were used and NM = 150 projective measurements
per random unitary were performed. For further experi-
mental details, see Ref. [24].
To numerically simulate the experiment and obtain a
corresponding theory state ρT (t), we perform exact diag-
onalization to simulate unitary dynamics or exactly solve
a master equation to include decoherence effects. Subse-
quently, the NU = 500 random unitaries which have been
employed in the experiment are applied to ρT (t) and the
occupation probabilities P (T )U (s) are calculated exactly
for each random unitary.
In Fig. 3(a,b), experiment-theory fidelities
Fmax(ρE,A, ρT,A) of reduced states of connected
partitions [1 → NA] are displayed as a function NA for
various times after the quantum quench. For (a) theory
states are calculated by simulating unitary dynamics
and for (b) we additionally include decoherence effects,
inherent to the state preparation (imperfect initial state
preparation, spin-flips and dephasing noise) and the
measurement process (depolarizing noise during the
random measurement) [24]. In both cases, we find a
single qubit fidelity being constant in time and close to
unity. With increasing subsystem size and time, the
estimated fidelities tend to decrease. Remarkably, we
find theory-experiment fidelities (a) & 0.6 [(b) & 0.7]
even at late times T = 5ms, when the system has
undergone complex many-body dynamics and is highly
entangled [24].
We attribute the decrease of the fidelity with system
size present already at t = 0ms mainly to experimental
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FIG. 3. Experiment-Theory verification in a trapped ion quan-
tum simulator. Measured fidelities Fmax(ρE , ρT ) as a function
of partition size NA (total system 10 qubits) for states ρE
evolved with HXY (J0 = 420s−1, α = 1.24) for various times;
experimental data from [24]. Theory states ρT are obtained
with (a) unitary dynamics and including (b) decoherence ef-
fects (see text). In both panels, NU = 500 and NM = 150.
Error bars are obtained with Bootstrap resampling [29].
imperfections in the implementation of the randomized
measurements, of two types: (i) unitary errors in the
form of random under- or overrotations, i.e. a mismatch
between the random unitaries applied in experiment and
theory and (ii) decoherence in the form of local depo-
larizing noise. While (i) decreases the estimated density
matrix overlap, and thus fidelity, in both cases presented
in Fig. 3, (ii) is taken into account into the theory state
for panel (b) and thus the estimated fidelities are larger
than in (a). We emphasize that both sources of imper-
fections decrease the estimated fidelity and do not lead
to false positives and refer for a detailed error modeling
and further experimental investigations to Appendix E
[27] .
As first step towards the cross-platform verification
of two quantum devices, we present now experiment-
experiment fidelities of quantum states prepared sequen-
tially in the same experiment. To this end, we di-
vide the data obtained in Ref. [24] into two parts,
from now on called experiment E1 and experiment E2,
each consisting of measurement outcomes for the same
NU = 500 random unitaries and NM = 75 measure-
ments per random unitary. Using Eq. (2), we cal-
culate overlap and purities, and from this the fidelity
Fmax(ρE1(t), ρE2(t)). In Fig. 4(a,b), the experiment-
experiment and theory-experiment fidelities are displayed
as a function of subsystem size for t = 0, 1ms. In
comparison to theory-experiment fidelities, experiment-
experiment fidelities are higher for both t = 0ms and
t = 1ms. We conclude that the random unitaries are
reproducibly prepared in the experiment, with a system-
atic mismatch (unitary error) compared to the ones on
the classical computer.
Finally, we illustrate our method in Fig. 4(c,d) by the
measurement of Fmax of two quantum states evolved for
different times. We consider (c) the clean system, gov-
erned by HXY , and (d) the case where additional on-site
disorderHtot = HXY +
∑
j δjσ
z
j , with δj drawn randomly
from an interval [−3J0, 3J0], is added. We find that for
the clean system the fidelity decays quickly as a func-
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FIG. 4. Experiment self-verification in a trapped ion quan-
tum simulator. (a,b) Estimated fidelities Fmax of two reduced
states ρE1 and ρE2 prepared sequentially in the same exper-
iment as a function of partition size, [1 → NA]. The states
ρE1 and ρE2 are (a) two Néel states which have been (b) time-
evolved under HXY (J0 = 420s−1, α = 1.24) to t = 1ms;
experimental data from [24]. Experiment-theory fidelities are
obtained by simulating unitary dynamics (see text). (c,d)
Measured fidelities Fmax(ρE(t1), ρE(t)) for states time evolved
withHXY as a function of the time difference t−t1 (t1 = 1ms)
for (c) a clean system and (d) with additional disorder (see
text). Different colors refer to different partitions [1 → NA].
Lines show theory simulations including decoherence effects
(see text). In all panels, error bars are estimated with Boot-
strap resampling [29].
tion of the subsystem size and time difference, resem-
bling the complex, ergodic dynamics in the interacting
many-body system. On the contrary, for the disordered
system the fidelity stays, after an initial short-time de-
cay, approximately constant, and at a finite value even
for large (sub-)systems. Our results are thus consistent
with localization phenomena, characterized through the
system’s memory of earlier time and slow dynamics, as
also studied with out-of-time order correlators [30–33],
also accessible with randomized measurements [34].
Conclusion – We have presented a protocol to perform
cross-platform verification of quantum devices by direct
fidelity measurements, requiring only classical commu-
nication and significantly fewer measurements than full
quantum state tomography. We expect it to be applica-
ble in state-of-the-art quantum simulators and computers
with high repetition rates for (sub-)systems consisting of
a few tens of qubits. In larger quantum systems, it gives
access to the fidelities of all possible subsystems up to
a given size – determined by the accepted statistical er-
ror and the measurement budget – and thus enables a
fine-grained comparison of large quantum systems. Fur-
thermore, we expect that adaptive sampling techniques
have the potential to reduce the measurement cost, in
particular when knowledge over the quantum states of
interest is taken into account.
5ACKNOWLEDGMENTS
We thank B. Kraus, A. Browaeys, J. Bollinger, Z. Cian,
J. Emerson, S. Glancy, M. Hafezi, R. Kaubrügger,
A. Kaufmann, A. Gorshkov, D. Leibfried, C. Monroe
and his group, T. Monz, D. Slichter, A. Rey, A. Wil-
son, J. Ye for discussions. Our research is supported by
the ERC Synergy Grant UQUAM. The project leading to
this application has received funding from the European
Research Council (ERC) under the European Union’s
Horizon 2020 research and innovation programme (grant
agreement No 741541), and from the European Union’s
Horizon 2020 research and innovation programme under
grant agreement No 817482. Furthermore, we acknowl-
edge support by the Simons foundation via the Simons
collaboration UQM and by the Austrian Science Fund
through the SFB BeyondC (F71).
AUTHOR CONTRIBUTIONS
A.E., B.V., R.v.B., C.K. and P.Z. developed the pro-
tocol. T.B., C.M., M.J., R.B., C.F.R. provided the ex-
perimental data.
[1] J. Preskill, Quantum 2, 79 (2018).
[2] J. Emerson, R. Alicki, and K. Życzkowski, J. Opt. B 7,
347 (2005).
[3] J. Emerson, M. Silva, O. Moussa, C. Ryan, M. Laforest,
J. Baugh, D. G. Cory, and R. Laflamme, Science 317,
1893 (2007).
[4] E. Knill, D. Leibfried, R. Reichle, J. Britton, R. B.
Blakestad, J. D. Jost, C. Langer, R. Ozeri, S. Seidelin,
and D. J. Wineland, Phys. Rev. A 77, 012307 (2008).
[5] D. Lu, H. Li, D.-A. Trottier, J. Li, A. Brodutch, A. P.
Krismanich, A. Ghavami, G. I. Dmitrienko, G. Long,
J. Baugh, and R. Laflamme, Phys. Rev. Lett. 114,
140505 (2015).
[6] A. Erhard, J. J. Wallman, L. Postler, M. Meth,
R. Stricker, E. A. Martinez, P. Schindler, T. Monz,
J. Emerson, and R. Blatt, arXiv:1902.08543 (2019).
[7] M. P. da Silva, O. Landon-Cardinal, and D. Poulin,
Phys. Rev. Lett. 107, 210404 (2011).
[8] S. T. Flammia and Y.-K. Liu, Phys. Rev. Lett. 106,
230501 (2011).
[9] B. P. Lanyon, C. Maier, M. Holzäpfel, T. Baumgratz,
C. Hempel, P. Jurcevic, I. Dhand, A. S. Buyskikh, A. J.
Daley, M. Cramer, M. B. Plenio, R. Blatt, and C. F.
Roos, Nat. Phys. 13, 1158 (2017).
[10] Y.-C. Liang, Y.-H. Yeh, P. E. M. F. Mendonça, R. Y.
Teh, M. D. Reid, and P. D. Drummond, Rep. Prog.
Phys. 82, 076001 (2019).
[11] R. Jozsa, J. Mod. Opt. 41, 2315 (1994).
[12] N. M. Linke, D. Maslov, M. Roetteler, S. Debnath,
C. Figgatt, K. A. Landsman, K. Wright, and C. Monroe,
Proc. Nat. Acad. Sci. 114, 3305 (2017).
[13] C. Greganti et al., arXiv:1905.09790 (2019).
[14] S. J. van Enk and C. W. J. Beenakker, Phys. Rev. Lett.
108, 110503 (2012).
[15] A. Elben, B. Vermersch, M. Dalmonte, J. I. Cirac, and
P. Zoller, Phys. Rev. Lett. 120, 050406 (2018).
[16] A. Elben, B. Vermersch, C. F. Roos, and P. Zoller, Phys.
Rev. A 99, 052323 (2019).
[17] H. Häffner et al., Nature 438, 643 (2005).
[18] D. Gross, Y. K. Liu, S. T. Flammia, S. Becker, and
J. Eisert, Phys. Rev. Lett. 105, 150401 (2010).
[19] C. Riofrío, D. Gross, S. Flammia, T. Monz, D. Nigg,
R. Blatt, and J. Eisert, Nat. Commun. 8, 15305 (2017).
[20] G. Torlai, G. Mazzola, J. Carrasquilla, M. Troyer,
R. Melko, and G. Carleo, Nat. Phys. 14, 447 (2018).
[21] A. C. Keith, C. H. Baldwin, S. Glancy, and E. Knill,
Phys. Rev. A 98, 042318 (2018).
[22] G. Carleo, I. Cirac, K. Cranmer, L. Daudet, M. Schuld,
N. Tishby, L. Vogt-Maranto, and L. Zdeborová,
arXiv:1903.10563 (2019).
[23] Our protocol assumes only classical communication be-
tween platforms 1 and 2. Existence of a quantum link
would allow quantum state transfer and provide, in prin-
ciple, an efficient quantum protocol for Tr [ρ1ρ2] [35–37].
[24] T. Brydges, A. Elben, P. Jurcevic, B. Vermersch,
C. Maier, B. P. Lanyon, P. Zoller, R. Blatt, and C. F.
Roos, Science 364, 260 (2019).
[25] D. Gross, K. Audenaert, and J. Eisert, J. Math. Phys.
48, 052104 (2007).
[26] C. Dankert, R. Cleve, J. Emerson, and E. Livine, Phys.
Rev. A 80, 012304 (2009).
[27] See Supplementary Material.
[28] To allow for estimation of the statistical uncertainty of
estimated fidelity a minimal number of NU  1 is re-
quired.
[29] B. Efron and G. Gong, Am. Stat. 37, 36 (1983).
[30] M. Serbyn and D. A. Abanin, Phys. Rev. B 96, 014202
(2017).
[31] R. Fan, P. Zhang, H. Shen, and H. Zhai, Sci. Bull. 62,
707 (2017).
[32] X. Chen, T. Zhou, D. A. Huse, and E. Fradkin, Ann.
Phys. 529, 1600332 (2017).
[33] Y. Huang, Y.-L. Zhang, and X. Chen, Ann. Phys. 529,
1600318 (2017).
[34] B. Vermersch, A. Elben, L. M. Sieberer, N. Y. Yao, and
P. Zoller, Phys. Rev. X 9, 021061 (2019).
[35] A. J. Daley, H. Pichler, J. Schachenmayer, and P. Zoller,
Phys. Rev. Lett. 109, 020505 (2012).
[36] R. Islam, R. Ma, P. M. Preiss, M. E. Tai, A. Lukin,
M. Rispoli, and M. Greiner, Nature 528, 77 (2015).
[37] N. M. Linke, S. Johri, C. Figgatt, K. A. Landsman, A. Y.
Matsuura, and C. Monroe, Phys. Rev. A 98, 052334
(2018).
[38] J. Watrous, The Theory of Quantum Information (Cam-
bridge University Press, 2018).
[39] D. A. Roberts and B. Yoshida, Journal of High Energy
Physics 2017, 121 (2017).
[40] Y. Nakata, C. Hirche, M. Koashi, and A. Winter, Phys.
Rev. X 7, 021006 (2017).
6[41] B. Vermersch, A. Elben, M. Dalmonte, J. I. Cirac, and
P. Zoller, Phys. Rev. A 97, 023604 (2018).
[42] H. Hotelling, J. Royal Stat. Soc 15, 193 (1953).
Supplementary Materials
Appendix A: Proof of Equation 2
In this section, we prove Eq. (2) of the main text (MT),
relating the overlap Tr
[
ρi,Aiρj,Aj
]
of the density matri-
ces ρi,Ai and ρj,Aj , defined in the two subsystems Ai
and Aj consisting of NA1 = NA2 = NA qudits, to sta-
tistical cross-correlations of randomized measurements.
Here, randomized measurements on both subsystems are
implemented with the same local random unitaries of the
form UA =
⊗NA
k=1 Uk, Uk sampled for k = 1, . . . , NA in-
dependently from a unitary 2-design defined on the local
Hilbert space Cd.
We first rewrite the right-hand-side R of Eq. (2) MT,
representing a weighted sum of cross-correlations of out-
come probabilities, as the expectation value of an oper-
ator O acting on the joint Hilbert space H ⊗H of both
subsystems Ai and Aj , H = (Cd)NA . Using the linearity
of the trace operation and of the average over random
unitaries, we find
R = dNA
∑
sA,s′A
(−d)−D[sA,s′A] P (i)U (sA)P (j)U (s′A)
= Tr
[
U†A ⊗ U†AOUA ⊗ UA ρi,Ai ⊗ ρj,Aj
]
= Tr
[
NA⊗
k=1
U†k ⊗ U†kOkUk ⊗ Uk ρi,Ai ⊗ ρj,Aj
]
. (A1)
Here, we defined O ≡⊗NAk=1Ok with
Ok ≡ d
∑
sk,s′k
(−d)−D[sk,s′k] |sk〉 〈sk| ⊗ |s′k〉 〈s′k| (A2)
acting on the joint Hilbert space Cd⊗Cd of the k-th qudits
in Ai and Aj . To arrive at the last line of Eq. (A1),
we used the independence of the random unitaries Uk
applied to different qudits k.
To evaluate the ensemble average U†k ⊗ U†kOkUk ⊗ Uk,
we use the Weingarten calculus of Haar random unitaries
[38, 39]. One finds [16]
U†k ⊗ U†kOkUk ⊗ Uk
=
1
d2 − 1
(
Tr [Ok]− 1
d
Tr [SkOk]
)
12
+
1
d2 − 1
(
Tr [SkO]− 1
d
Tr [Ok]
)
Sk
= Sk
with the swap operator Sk =
∑
sk,s′k
|sk〉 〈s′k| ⊗ |s′k〉 〈sk|.
Finally, we thus obtain
R = Tr
[
NA⊗
k=1
Sk ρi,Ai ⊗ ρj,Aj
]
= Tr
[
ρi,Aiρj,Aj
]
(A3)
proving Eq. (2) MT.
Appendix B: Geometric mean fidelity
In the MT, we concentrate on the estimation of the
fidelity Fmax(ρ1, ρ2) = Tr [ρ1ρ2] /max{Tr
[
ρ21
]
,Tr
[
ρ21
]}
of two quantum states ρ1 and ρ2 which fulfills all ax-
ioms imposed by Josza [11]. However, the definition of
a mixed state fidelity is not unique, and a variety of dif-
ferent approaches exists [10]. With the presented proto-
col based on statistical correlations of randomized mea-
surements, we can infer any mixed state fidelity which is
solely a function of overlap Tr [ρ1ρ2] and purities Tr
[
ρ21
]
and Tr
[
ρ22
]
. As an example, we consider in this section
the fidelity
FGM(ρ1, ρ2) = Tr [ρ1ρ2]√
Tr [ρ21]Tr [ρ22]
(B1)
which is obtained by normalizing the overlap Tr [ρ1ρ2]
with the geometric mean of the purities Tr
[
ρ21
]
and
Tr
[
ρ22
]
. Clearly, it follows that FGM(ρ1, ρ2) ≥
Fmax(ρ1, ρ2), with equality for states with identical pu-
rity. We further note that, due to the symmetric nor-
malization, FGM is robust against certain types of de-
coherence. For instance with DA = dNA and ρ′1 =
λρ1 + (1 − λ)1/DA obtained from ρ1 with global de-
phasing of arbitrary strength λ, we have FGM(ρ1, ρ2) =
FGM(ρ′1, ρ2)+O(D−1) (see Appendix E for more details).
Complementing the MT, we show in Fig. B.1(a,b) the
experiment-theory fidelity FGM(ρT , ρE) between experi-
mental quantum states ρE evolved with HXY , and the
corresponding theoretical simulation. In (a), the theory
states are obtained from simulating unitary dynamics,
in (b) we take into account decoherence effects (see main
text and Ref. [24]). In contrast to Fmax, the fidelity FGM
does not change significantly between (a) and (b), as it is
robust against local depolarizing noise (see Appendix E)
which is the dominant source of decoherence in the ex-
periment. Furthermore, we show in Fig. B.1, experiment-
experiment fidelities FGM of quantum states obtained se-
quentially in the same experiment. Consistently with the
results for Fmax, we find that the experiment-experiment
fidelities are larger than theory-experiment fidelities.
Appendix C: Statistical errors and resampling
In this appendix, we discuss the statistical errors aris-
ing from a finite number NU of random unitaries to esti-
mate the ensemble average and a finite number of mea-
surements NM per random unitary. We complement the
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FIG. B.1. Theory-Experiment and Experiment self-
verification in a 10-qubit system. (a,b) Estimated theory-
experiment fidelity FGM of a Néel state, time-evolved under
HXY (J0 = 420s−1, α = 1.24), for connected (sub-)systems
[1 → NA] at different times. Experimental data is taken
from [24]. Theory states ρT (t) have been obtained by sim-
ulating unitary dynamics (a) [and also (c,d)] and taking into
account decoherence effects (b). In panels (c,d), addition-
ally experiment-experiment fidelities of two quantum states
ρE1 and ρE2 obtained sequentially in the same experiment
are shown. Here, the experimental data [24] has been divided
into two parts E1 and E2. In all panels, error bars for the fi-
delities are estimated with Bootstrap resampling. NU = 500
random unitaries have been used in experiment and theory,
NM = 150 (a,b) [NM = 75 (c,d)] measurements per random
unitary are performed in the experiment(s).
results presented in the main text where we focused on
the case of unit target fidelity. We focus on experimen-
tally relevant system sizes.
The appendix is organized as follows. In Subsection
C 1, we discuss first the case where the local random uni-
taries UA =
⊗NA
k=1 Uk acting on individual constituents i
are replaced by global random unitaries UA randomizing
the entire subsystem A. These yield a smaller overall sta-
tistical error (see below) and allow for a semi-analytical
determination of statistical errors of the fidelity estima-
tion. In Subsection C 2, we generalize to local unitaries
and investigate numerically the statistical errors, as func-
tion of NA, NM , NU , the purity of the involved states
and the target fidelity. Finally, in Subsection C 3, we
discuss resampling techniques which allow to determine
the statistical uncertainty of the estimated fidelity in an
experiment.
1. Fidelities from global random unitaries
In the main text, we present a protocol to estimate
the overlap of two density matrices Tr [ρ1ρ2] using local
random unitaries of the form UA =
⊗
k∈A Uk with Uk
from a unitary 2-design defined on the local Hilbert space
Cd. Alternatively, one can use global random unitaries
UA from a unitary 2-design defined on the entire Hilbert
space H = (Cd)NA with dimension DA = dNA . It has
been proposed to prepare such global random unitaries
in many-body quantum systems [15, 40, 41]. For such
global random unitaries, we obtain [16]
Tr [ρ1ρ2] = DA
∑
sA,s′A
(−DA)−DG[sA,s′A] P (1)U (sA)P (2)U (s′A)
(C1)
where the “global” Hamming distance is defined as
DG[sA, s
′
A] = 0 if sA = s
′
A and DG[sA, s
′
A] = 1 if sA 6= s′A
and . . . denotes the ensemble average over the 2-design
on H. Using 1 − P (1)U (sA) =
∑
sA 6=s′A P
(1)
U (s
′
A), we can
identify FGM (Fmax) with the Pearson correlation co-
efficient [42] (max-normalized correlation coefficient) of
occupation probabilities
FGM =
CovU
(
P
(1)
U (sA), P
(2)
U (sA)
)
√
VarU
(
P
(1)
U (sA)
)
VarU
(
P
(2)
U (sA)
)
+O(D−1A ) (C2)
Fmax =
CovU
(
P
(1)
U (sA), P
(2)
U (sA)
)
max
[
VarU
(
P
(1)
U (sA)
)
,VarU
(
P
(2)
U (sA)
)]
+O(D−1A ). (C3)
Here, we denote CovU
(
P
(1)
U (sA), P
(2)
U (sA)
)
=
P
(1)
U (sA)P
(2)
U (sA)− P (1)U (sA)P (2)U (sA) for any basis state
sA and VarU
(
P
(i)
U (sA)
)
= CovU
(
P
(i)
U (sA), P
(i)
U (sA)
)
for i = 1, 2. While in principle the above expressions
appear to depend on sA, the averages over global random
unitaries remove any dependency on the choice of basis,
such that FGM(sA) = FGM, and Fmax(sA) = Fmax.
Statistical errors for global random unitaries – We
discuss first the statistical error arising from a finite num-
ber of random unitaries NU used to estimate the corre-
lation coefficients (C2) and (C3). For now, we assume
that the occupation probabilities P (1)U (sA), P
(2)
U (sA) for
a given random unitary are exactly known (NM → ∞)
and discuss the influence of projection noise below. We
note that, for DA  1, the probabilities P (i)U (sA) and
P
(i)
U (s
′
A) for different sA 6= s′A are approximately uncor-
related. Since we obtain in an experiment P (1)U (s) and
P
(2)
U (sA) for all basis states sA from the same experimen-
tal data, this leads to an effective sample size of NUDA to
estimate the correlation coefficients (C2) and (C3). Us-
ing the standard deviation of the sample distribution of
the Pearson correlation coefficient [42], we thus find
|(FGM)e −FGM| ∼ 1−F
2
GM√
NUDA
+O (D−1A ) . (C4)
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FIG. C.1. Statistical errors FGM. (a,b) Scaling of the sta-
tistical error with the target fidelity itself, for NM → ∞ and
NU = 200. (c-f) Scaling of the statistical error with the num-
ber of measurements NM , (c,d) for identical product states
(target fidelity unity) and (e,f) product states with target fi-
delity 1/
√
2 . In (a,c,e) global random unitaries, in (b,d,f)
local random unitaries have been used. In all panels, colors
indicate different Hilbert space dimensions DA = 16, 64, 256,
and the purity p2 = Tr
[
ρ21,A
]
= Tr
[
ρ22,A
]
of the states in-
creases with the darkness of the colors p2 = 0.25, 0.58, 1.
Mixed states ρi,A (i = 1, 2) are obtained from pure product
states |ψi,A〉 of NA = log2DA qubits, by adding global depo-
larizing noise (|ψi,A〉 → ρi,A = λ |ψi,A〉 〈ψi,A|+ (1− λ)1/DA)
with λ = λ(p2) chosen such that p2 = Tr
[
ρ21,A
]
= Tr
[
ρ22,A
]
.
Lines are obtained from the scaling laws given in the text.
This agrees well with numerical results, presented in
Fig. C.1(a), which are obtained from simulating many
experiments and calculating the average statistical error.
The sampling distribution of the max-normalized cor-
relation coefficient [Eq. (C3)] is not known. Numerically,
we find in the regime NU  1 a similar scaling law for
the statistical error of the Fmax fidelity
|(Fmax)e −Fmax| ∼
√
1−F2max√
NUDA
+O (D−1A ) (C5)
which is shown in Fig. C.2(a).
In practice, the occupation probabilities P (1)U (sA) and
P
(2)
U (sA) are not known exactly, but one uses a finite
number NM of measurements to estimate them. The
scaling of the total statistical error (arising from a finite
NM and NU ) with NM is shown in Figs. C.1(c,e) and
C.2(c,e) for various target fidelities and purities of the
individual product states. Overall, we find numerically
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FIG. C.2. Statistical errors Fmax. (a,b) Scaling of the sta-
tistical error with the target fidelity itself, for NM → ∞ and
NU = 200. (c-f) Scaling of the statistical error with the num-
ber of measurements NM , (c,d) for identical product states
(target fidelity unity) and (e,f) product states with target fi-
delity 1/
√
2 . In (a,c,e) global random unitaries, in (b,d,f)
local random unitaries have been used. In all panels, colors
indicate different Hilbert space dimensions DA = 16, 64, 256,
and the purity p2 = Tr
[
ρ21,A
]
= Tr
[
ρ22,A
]
of the states in-
creases with the darkness of the colors p2 = 0.25, 0.58, 1.
Mixed states ρi,A (i = 1, 2) are obtained from pure product
states |ψi,A〉 of NA = log2DA qubits, by adding global depo-
larizing noise (|ψi,A〉 → ρi,A = λ |ψi,A〉 〈ψi,A|+ (1− λ)1/DA)
with λ = λ(p2) chosen such that p2 = Tr
[
ρ21,A
]
= Tr
[
ρ22,A
]
.
Lines are obtained from the scaling laws given in the text.
that the scaling of statistical errors (for product states of
purity Tr
[
ρ2A,1
]
= Tr
[
ρ2A,2
]
= p2) is consistent with
|(FGM)e −FGM|
∼ 1√
NUDA
(
1−F2GM + cGM
DA
NMp
χGM
2
)
(C6)
with cGM = O(1), χGM . 1 and
|(Fmax)e −Fmax|
∼ 1√
NUDA
[√
1−F2max + cmax
DA
NMp
χmax
2
+O
(√
DA
NMp
χmax
2
)]
. (C7)
with cmax = O(1), χmax . 1. To summarize, we find
that in order to estimate a fidelity up to an error of or-
der 1/
√
NU , one needs of the order of NM ∼
√
DA/p2
measurements.
92. Local random unitaries
For local random unitaries, the probabilities P (i)U (sA)
(i = 1, 2) are not independent for different sA and the
fidelities are functions of the probabilities P (i)U (sA) for all
basis states sA [see Eq. (2) of the MT]. We thus rely on
numerical simulations of many experiments to obtain the
average statistical error. We find in the regime Fmax =
O(1) = FGM that for product states scaling laws of the
form
|(FGM)e −FGM|
∼ 1√
NU
(
c
(1)
GM(1−F2GM) + c(2)GM
D0.8A
NMp
χGM
2
)
(C8)
with c(1)GM, c
(2)
GM = O(1) and χGM . 1 and
|(Fmax)e −Fmax|
∼ 1√
NU
[
c(1)max
√
1−F2max + c(2)max
D0.8A
NMp
χmax
2
+O
(√
D0.8A
NMp
χmax
2
)]
(C9)
with c(1)max, c
(2)
max = O(1) and χmax . 1 are consistent with
numerical results [see Figs. C.1 and C.2 panels (b,d,f)].
We thus find that the statistical error with local random
unitaries is, compared to global random unitaries and in
the limit NM → ∞ by a factor 1/
√
DA larger. This is
expected since for local random unitaries the P (i)U (s) for
various sA are not independent and the effective sample
size to estimate the fidelities is thus just given by NU . In
summary, in a typical experimental situation, projection
noise caused by finite NM is the dominating source of
statistical errors. Irrespective of the target fidelity, the
required number of projective measurements is of the or-
der NM ∼ 2bNA/p2 with b . 1 (see also MT).
3. Resampling techniques and allocation of the
measurement budget
In an experiment, one would like to infer the statistical
uncertainty of the measured fidelities directly from the
measured data (and not from performing the experiment
many times with the same parameters NM and NU ). To
achieve this, we use Bootstrap resampling [29] across the
random unitaries to estimate the standard error. Typi-
cally, we draw, with replacement, 250−500 Bootstrap re-
samples, each of size NU . We take the data of the projec-
tive measurements corresponding to the unitaries in each
re-sample (NM projective measurement per unitary) and
estimate the fidelity for each re-sample. Then, the Boot-
strap estimate of the standard errors is just given by the
standard error of the mean of the set of newly estimated
fidelities [29]. In Fig. C.3, we show that the standard
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FIG. C.3. Bootstrap Resampling. (a,b) Fidelities Fmax and
FGM for pure product states with unit target fidelity as a
function of the number of qubits NA for NU = 250 and
NM = 400. Red lines are direct (biased) estimations of the
fidelities, dotted lines are bias corrected estimations obtained
with Bootstrap resampling across the random unitaries, see
text for details. Error bars are statistical errors, obtained
from Bootstrap resampling across unitaries. Each quantity
is a mean over 100 simulated experiments. Black lines indi-
cate the expected statistical errors calculated with the scaling
laws Eqs. (C8) and (C9), drawn above and below unit target
fidelity.
errors (error bars) obtained with such Bootstrap resam-
pling are of a similar size as the average statistical errors
obtained from simulating many experiments (indicated
through black lines). We thus conclude that Bootstrap
resampling allows us to infer the statistical uncertainty.
To infer the fidelities, we estimate the overlap and pu-
rity and subsequently calculate the fidelities using Eq. (2)
of the MT. This procedure results in general, for finite
NM and NU , in a biased estimation of the fidelities, with
a bias scaling with the statistical errors of purity and
overlap. In Fig. C.3, we show numerically that the es-
timation of Fmax (FGM) is indeed biased towards lower
(higher) values (red line), with a bias which is, for exper-
imentally relevant parameters, of the order of a few per-
cent. Bootstrap resampling allows corrections for such a
bias to first order in 1/NU (Fig. C.3 green dotted lines)
[29]. Here, the Bootstrap estimate of the bias is given
as the difference of the mean estimated fidelity over the
bootstrap resamples and the original estimation. Using
these Bootstrap estimates, we present first order unbi-
ased estimators in all plots showing experimental data.
Finally, we note that the standard error estimation
with bootstrapping is the basic ingredient for an algo-
rithm to choose iteratively, based on the already ob-
tained data, the allocation of the total measurement
budget NUNM into random unitaries NU and projective
measurements per unitary NM in an experiment. The
procedure is as follows: Initially, one performs experi-
mentally the fidelity estimation with a small number of
unitaries and measurements per unitary, NU ≈ NM ≈
50, and uses bootstrapping to infer its standard error.
Then, the experimental data of either n ≈ 10 unitaries
(NU → NU − n) or n ≈ 10 measurements per unitary
(NM → NM − n) is removed, and the fidelity is esti-
mated two more times, from both reduced data sets. The
standard error of the two new estimations, obtained from
bootstrapping on the reduced data set, is compared to the
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standard error of original estimation. From the direction
(NU → NU − n or NM → NM − n) where the stan-
dard error increases most, one can expect the strongest
reduction if NU or NM is increased, respectively. Conse-
quently, more experimental runs are performed, either
with the same unitaries as before but with increased
NM → NM + n or with more unitaries NU → NU + n
but constant number of measurements per unitary. This
procedure is repeated iteratively until the standard error
of the estimated fidelity has decreased to a predefined
value.
Appendix D: Experiment-Theory fidelity estimation
By replacing one of the two quantum devices with a
classical computer simulating the experiment, we can use
the presented protocol to measure an experiment-theory
fidelity towards a known theoretical target state. On the
theory side, one applies the same random unitaries UA
as in the experiment to the classical representation of the
target state ρT , and determines the outcome probabilities
PTU (sA). Together with the P
E
U (sA) estimated from the
experimental data, one obtains the experiment-theory fi-
delity Fmax(ρE , ρT ) [or FGM(ρE , ρT )] via Eq. (2) of the
MT. With this procedure we obtain, using the data from
Ref. [24], experiment-theory fidelities for (sub-)systems
of up to 10 qubits (see Figs. 3 (MT), B.1 and E.2).
In the following, we analyze the statistical errors of
the experiment-theory fidelity estimation. Compared
to the experiment-experiment scenario, the probabili-
ties PTU (sA) on the theory side are typically exactly
known, and thus shot-noise affects only PEU (sA). In
Fig. D.1(a,b), we thus observe a smaller overall statistical
error (compared to the results in the MT) which scales as
1/(N0.7M
√
NU ). In Fig. D.1(c), we display the scaling of
the number of required measurements NM (NU = 50) to
obtain the fidelity up to an error  = 0.05 as a function of
the number of qubits. We observe similar scaling expo-
nents as for the experiment-experiment fidelity estima-
tion. We attribute this to the fact that shot-noise arising
from the finite number of measurements NM performed
in the experiment per random unitary is the dominating
source of error.
We remark that the experiment-theory estimation, for
pure theory states, can also be achieved using direct fi-
delity estimation [7, 8]. Here, the knowledge of the theory
state is explicitly taken into account to achieve an effi-
cient fidelity estimation for well-conditioned states with
support on a few multi-qubit Pauli operators. We expect
that taking into account (partial) knowledge about the
quantum states of interest can also decrease the required
number of measurements for the presented method which
is subject to future work.
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FIG. D.1. Scaling of the required number of measurements for
experiment-theory estimation. (a,b) Average statistical error
|(Fmax(ρA, ρA))e−1| as a function of the number of measure-
ments NM per random unitary for various NU (darkness of
colors). The state ρA of NA = 8 qubits (d = 2) is taken to be
(a) a pure product state (PP) and (b) a pure Haar random
state (PR). Black lines are guides for eye ∼ 1/(N0.7M
√
NU ).
(c) Scaling of the minimal number of required measurements
NM to estimate (Fmax(ρE , ρT ))e up to a fixed statistical error
of 0.05 as a function of the number of qubits NA, for fixed
NU = 100.
Appendix E: Experimental imperfections
In this section, we calculate and experimentally investi-
gate the effect of systematic errors in our protocol arising
from a mismatch of the random unitaries applied in both
devices and from decoherence during the application of
the random unitaries.
1. Modelling of errors
Our approach to estimate cross-platforms fidelities is
based on realizing the same local random unitaries UA
on two different platforms. Restricting for clarity to the
case of qubits (d = 2), we study the effects of systematic
errors due to:
(i) Unitary errors in the realization of random uni-
taries, e.g., due to small miscalibration of the quan-
tum hardware. In order to model this effect, we assume
that, instead of a random unitary UA, each device im-
plements a random unitary of the form U (i)A = UAV
(i)
A
with V (i)A =
⊗NA
k=1 exp(ih
(i)
k ηi) with h
(i)
k being a random
Hermitian matrix sampled for all i, k independently from
the Haar measure. Here, ηi quantifies the level of imper-
fection, with ηi = 0 corresponding to perfect operations.
In particular, we assume thus that the erroneous addi-
tional rotation V (i) is a local random unitary, which is
independent of U .
(ii) In addition, we consider the presence of decoher-
ence acting during the application of the local random
unitaries, which is modeled as local depolarization of the
the form of:
ρ˜i,A = (1− 3
2
pD,iNA)ρi,A +
pD,i
2
∑
k,γ
σγkρi,Aσ
γ
k (E1)
= (1− 2pD,iNA)ρi,A + 2pD,i
∑
k
Trk(ρi,A)⊗ 1k
2
,
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with k = 1, . . . , N , γ = x, y, z, and pD,i  1 the single
qubit decoherence error for platform i. Equation (E2)
supposes that each qubit on platform i can be projected
to the identity matrix, i.e., ‘depolarized’, with probability
2pD,i.
In the presence of (i) unitary errors and (ii) depolariza-
tion, we infer Tr(ρ1ρ2) and purities thus in an experiment
from estimators of the form
Ei,j=2
NA
∑
sA,s′A
(−2)−D[sA,s′A] P˜ (i)
U(i)
(sA)P˜
(j)
U(j)
(s′A) (E2)
with P˜ (i)
U(i)
(sA) = Tr
[
U
(i)
A ρ˜i,A(U
(i)
A )
† |sA〉 〈sA|
]
.
2. Error estimates
In the following, we evaluate the estimators Ei,j . For
simplicity of notation, we drop the subscript A in this
subsection. Due to the independence of V (i) and U , we
can use Eq. (2) MT, and find
E1,2 = Tr
[
V (1)ρ˜1V (1)† V (2)ρ˜2V (2)†
]
(E3)
and
Ei,i = Tr [ρ˜iρ˜i] for i = 1, 2. (E4)
A mismatch between the random unitaries applied in
both experiments due to unitary errors (i) thus affects
the estimation E1,2 of the overlap, but does not affect
the purity estimation Ei,i.
We now evaluate E1,2 [Eq. (E3)] using the assumption
that V (i) =
⊗NA
k=1 exp(ih
(i)
k ηi) with h
(i)
k being a random
Hermitian matrix sampled for all i, k independently from
the Haar measure. In particular, we use the property
[h
(i)
k ]a,b[h
(i)
k ]c,d = δa,dδb,c, (E5)
with δ the Kronecker delta and . . . the ensemble average.
We expand Eq. (E3) to leading order in ηi, use the in-
dependence between random matrices h(i)k and Eq. (E5)
and find
E1,2 =Tr [ρ˜1ρ˜2]
+
∑
i,j=1,2
i 6=j
η2i
∑
k
Tr
[
ρ˜ih
(j)
k ρ˜jh
(j)
k
]
−
∑
i,j=1,2
i6=j
η2i
2
∑
k
Tr
[
ρ˜ih
(j),2
k ρ˜j + ρ˜iρ˜jh
(j),2
k
]
=[1− 2(η21 + η22)N ] Tr [ρ˜1ρ˜2]
+ (η21 + η
2
2)
∑
k
Tr
[
Tr{k} [ρ˜1]Tr{k} [ρ˜2]
]
, (E6)
where Tr{k} [ρ˜1] denotes the partial trace over qubit k.
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FIG. E.1. Robustness against imperfections. (a) Influence
of unitary errors in the implementation of random unitaries,
simulated on a classical computer. Shown is the error of the
estimated fidelity as function of the error strength η22 for two
types of states ρ1,A = ρ2,A = ρA of NA qubits: PP is a
pure product state and PR a pure Haar random state. We
use NU = 500 unitaries to extract the fidelity. These uni-
taries are imperfect on platform 2, i.e. modified with random
over/underrotation with strength η2 (see text). Projection
noise is not included (NM →∞). (b) Error of the estimated
fidelity as a function of the strength pD,2 of local depolarizing
noise, acting during the application of random unitaries in
platform 2, ρA,2 → ρ˜A,2(see text). While here PP states with
unit target fidelity ρA,1 = ρA,2 are shown, PR states behave
identically. Black dashed line indicates a typical experimental
value, taken from [24].
We now analyze the effect of decoherence (ii). To this
end, we evaluate
Tr [ρ˜iρ˜j ] = (1− 2 [pD,i + pD,j ]N)Tr [ρiρj ] (E7)
+ (pD,i + pD,j)
∑
k
Tr
[
Tr{k} [ρi]Tr{k} [ρj ]
]
.
Thus, decoherence affects both the estimation of the over-
lap E1,2 and of the purities Ei,i = Tr [ρ˜iρ˜i]. We can now
calculate the estimators of the two fidelities
F˜GM = E1,2√
E1,1E2,2
F˜max = E1,2
max(E1,1, E2,2)
. (E8)
and extract the relevant errors for certain quantum states
ρ1 and ρ2. Let us consider here for illustration the sit-
uation ρ1 = ρ2 corresponding to unit fidelities. In this
case, the expressions simplify considerably:
F˜GM =FGM
− 2(η21 + η22)N + (η21 + η22)
∑
k
Tr
[
Tr{k} [ρ1]
2
]
Tr [ρ21]
+O(p2D,1, p2D,2, η41 , η42 , pD,2η22 , pD,1η21). (E9)
12
2 4 6 8 10
NA
0.8
1.0
F m
ax
(ρ
T
,ρ
E
)
Concatenated
Single
2 4 6 8 10
NA
0.8
1.0
F G
M
(ρ
T
,ρ
E
)
FIG. E.2. Testing experimentally the influence of imperfec-
tions. Estimated Experiment-Theory fidelities Fmax(a) and
FGM(b) as functions of the subsystem size [1→ NA] for fully
polarized product states, i.e. ρT = |Ψ0〉 〈Ψ0| with |Ψ0〉 =
|00 . . . 0〉. Total system size is N = 10 qubits. Each random-
ized measurement has been experimentally implemented with
a single random unitary (red) or two concatenated random
unitaries (blue). In both panels, NU = 500 and NM = 150.
For Fmax we consider the case E1,1 > E2,2, then
F˜max =Fmax − 2pD,2N + pD,2
∑
k
Tr
[
Tr{k} [ρ1]
2
]
Tr [ρ21]
− 2(η21 + η22)N + (η21 + η22)
∑
k
Tr
[
Tr{k} [ρ1]
2
]
Tr [ρ21]
+O(p2D,1, p2D,2, η41 , η42 , pD,1η21 , pD,2η22). (E10)
In summary, both fidelities are affected with η2i in mis-
calibration errors, while only the fidelity Fmax can suffer
from depolarization in first order in pD,i. This is in agree-
ment with the numerical study presented in Fig. E.1.
Here, we take the two states ρ1 = ρ2 to be identical and
estimate the fidelity using the outlined protocol, but with
imperfect random unitaries. In panel (a), we present the
average error of the estimated fidelity Fmax as a function
of the strength η22 of unitary errors of the form (i) present
in platform 2 (η1 = 0). In agreement with the analyti-
cal results, we find a linear increase of the error of the
estimated fidelity with increasing η2, for both, ρ1 = ρ2
beeing pure product states (PP) and pure random states
(PR). In panel (b), we show the error of the estimated
fidelities FGM and Fmax as a function of the strength
pD,2 of the local depolarization noise present in platform
2 pD,1 = 0. As expected, we find a linear (quadratic)
increase of the error of the estimated Fmax (FGM) with
increasing pD,2. In both panels (a,b), we further find the
error to be proportional to NA. Finally, we emphasize
that both, unitary errors and local depolarization, lower
the estimated fidelity and do not lead to false positives.
3. Testing experimentally the influence of
imperfections
In this subsection, we analyze the influence of imper-
fections in our protocol experimentally. We prepare a
fully polarized product state |Ψ0〉 = |00 . . . 0〉, and aim to
estimate experimentally its fidelity to the known theoret-
ical target. To characterize imperfections, we implement
each randomized measurements first with a single ran-
dom unitary per qubit and secondly with concatenating
two random unitaries per qubit.
We find that the fidelities which are estimated with two
concatenated unitaries are significantly smaller than the
ones estimated with a single random unitary [Fig. E.2].
The difference for FGM is less pronounced than for Fmax.
This is consistent with the error model presented in
Secs. E 1 and E 2: Both unitary errors and decoherence
increase when concatenating two random unitaries, and
the estimated fidelities thus decrease. The fidelity FGM
is robust against decoherence to first order, and thus less
affected. We emphasize that the systematic errors dis-
cussed in this section, unitary errors in the preparation
and decoherence during the application of the random
unitaries, decrease the estimated fidelities, and thus do
not lead to false positives. We further remark that the
data of Ref. [24] was taken using two concatenated ran-
dom unitaries. Here, we show now, using the presented
protocol to perform theory experiment fidelity estima-
tion, a clear improvement if single unitaries are used.
This demonstrates the utility of the protocol to check
and benchmark concrete experiments.
